
DELHI COLLEGE OF ENGINEERING 


LIBRARY 

6i-i- 


CLASS NO 

BOOK NO 

ACCESSION! NO 







DATE DUE 


For each day’s delay after the due date 
a fine of i P. per Vol. shall be changed for 
the first week, and 25 P. per Vol. per day 
for subsequent days. 


Borrower’s 

Date 

Borrower’s 

Date 

No. 

Due 

No. 



Due 







UNDERSTANDING RADIO 


HERBERT M. WATSON still holds his first amateur radio license, YVCEYV, 
which he r(‘ccivc(! thirty-five years ago. He is an authority on microwave radio 
systems and has designed many of the police, fire, and industrial radio systems in 
the western t inted States and foreign countries. As president of his own radio 
engineering firm near San Francisco, he pioneered the use of two-way radio 
systems in the West. He also owns the Watson Dispatch Radio Service, 
K MAG 17. 

HERBERT E. WELCH Built his first crystal set as a high school freshman in 
Salem, Oregon, an experience which started him off as an enthusiastic ham 
operator (WfiPRD). After obtaining his commercial wireless license in 1940, he 
tested radio equipment for the Oregon Forestry Service, then spent some time at 
sea as a radio operator on the Alaska steamship run. Following graduation from 
Oregon State College, he taught radio at Lincoln Cnion High School and Rich- 
mond Cnion High School in Richmond, California. Since 1987 he has taught 
at Stockton College in the Radio and Engineering Drawing Departments. 
Mr. Welch, \n ho is also the author of Basic Mechanical Drawing, made all of the 
drawings for Understanding Madia. For many summers he has been a guest 
professor in Industrial Arts at Oregon State College. His greatest pleasure 
comes, he says, from explaining difficult technical subjects in terms that beginners 
can understand. 

(iEORCiE S. EBY has been an outstanding high school and college science 
teacher for the past four decades. He is the author of numerous articles on 
physical science and has produced more than seventy educational and documen- 
tary motion pictures. He has been a guest professor at Oregon State College, 
Florida State Cniversity, and Redlands Cniversitv, and has served as a consultant 
on instructional materials with the Armed Forces. 




THIRD EDITION 



MCGRAW-HILL BOOK COMPANY, INC, 


Jk > 



Understanding 

RADIO 

A GUIDE TO PRACTICAL OPERATION AND THEORY 


HERBERT M. WATSON 

HERBERT E. WELCH 

GEORGE S. EBY 


Illustrated hi/ Herbert K. Welch 


New York 


( fnra (jo 


San Francisco 


Pallas 


/ oronto London 



UNDERSTANDING RADIO 


Copyright (r) 1 <)<>() hy the McGraw-Hill Book Company, Inc. 

Copyright, MM), Ukil, hy the MeGraw -Ilill Book Company, 
Inc. Printed in the United States of America. All rights 
reserved. This hook, or parts thereof, may not he repro- 
dueed in any form without permission of the publishers. 

68472 


Library of Congress Catalog C an / X umber: />!M.»070 


The photograph on the title page shows Perry Klein with his amateur 
radio equipment at his home in Bethesda, Maryland. As a high 
school senior, Perry and his friend Rafael Soifer of New York ( it\ 
were credited hy the Massachusetts Institute of Technology as h; \ mg 
conducted probably the first successful two-w T ay radio communion 
tion with the aid of artificial satellites. On February 6, HMitl, IN rrv 
and Rafael, both amateur radio operators, sent and reeei\e«i < « m |«‘« J 
signals between their two homes by bouncing signals off tin ionized 
trails left by satellites. 



CONTENTS 


To Tiie Teacher vi 

What Does This Book Offer? 1 

1. Radio Sound's Seven-league Boots 5 

2. Radio Waves and Wave Travel l(i 

3. Somethin# about Electricity 35 

4. Magnetism and Direct-current Meters ... 50 

5. Ohm's Law by Simple Mathematics and by Meters 74 

(i. IIovv to Build and Wire the Tube C ircuit Board. 94 

7. Principles of the Vacuum Tube. .... 104 

8. Wave-form Pictures 124 

9. The Simplest Receiving Set The Crystal Detector 149 

10. Alternating Currents in Radio Circuits .... 1(59 

11. Resonance and Tuning .... 20(5 

12. Receiving Sets Using Direct-current Tubes 230 

13. The Dynamic Loudspeakers 284 

14. Power Supplies 299 

15. Alternating-current Receiving Tubes . 332 

Hi. Basic Receiving Circuits l ’sing Alternating-current 

Tubes .... 359 

17. The Superheterodyne Receiver 403 

IS. Short-wave Sets 421 

19. Public-address l "nits 438 

20. Power Oscillators and Amplifier Circuits 475 

21. Radio-telegraph Transmitters 534 

22. Radio-telephone Transmitters 545 

23. Antennas 5(52 

24. The Very High Frequencies 583 

25. Frequency Modulation 012 

2(5. Diodes and Transistors (528 

27. Looking Ahead in Radio (548 

Radio-tube Characteristics (’harts 007 

Index 094 



TO THE TEACHER 


Understanding Radio is intended especially for students with 
little or no background in electricity or science. The authors have 
written a text that these students can read and understand. 

Background experiments in electronics and explanation of the 
fundamentals of electronics are related closely to radio equipment 
and usage. Radio-phvsics experiments allow easy self-demon- 
stration of the principles involved. 

Mathematics is kept to a minimum. The mathematics required 
is explained in the simplest terms. It is kept practical. 

Nontechnical language and full explanations are used in the 
introductory chapters of this book because radio language is a 
hopeless jargon to the uninitiated. New technical terms are intro- 
duced gradually. New terms with definitions are collected at the 
end of the chapters where the\ first appear. Learning-by-doing 
makes this book valuable as a laboratory textbook. This book 
has been successfully used in teaching by lecture and lecture 
demonstration and for individual and self-instructon. 

Many breadboard sets and unit circuits are presented in detail 
for construction by the student. Standard chassis construction is 
also included. 

In the new edition, emphasis has been placed on visual teaching. 
Most of the 500 drawings have been redone in a new pictorial style. 
Little stick “electron men” help the student visualize circuit 
action. An understanding of introductory radio theory has been 
heavily stressed. To explain circuit action better, many why-it- 
works explanations have been rewritten as illustrated steps. The 
Hartley-oscillator discussion is an example of this treatment. 

Several new circuits, tubes, applications, and principles have 
been introduced. Among these are public-address units, inter- 
communication units, the phase-inverter circuit, many new tubes, 
new power supply circuits, frequency modulation, and a new 
chapter on transistors. 

You will find this new edition a better book easier for you to 
teach from and easier for your students to use and understand. 


VI 



WHAT DOES THIS BOOK OFFER? 


Who may study radio? Radio sets have for years been con- 
structed of a simple assortment of parts by persons handy with 
screw driver, soldering iron,^ajjcL drill.. These experimenters have 
proved that the field of radio is not limited to mechanics or to 
persons who are already familiar with electrical and radio prin- 
ciples. This means that you, too, can have the fun of hearing 
distant stations on a set that you have built or that you can have 
the satisfaction of being able to operate intelligently equipment 
you have purchased. 

Whether you are a beginner in radio or an experimenter who 
wishes to round out his radio background and gain experience in 
the handling of radio apparatus, you will find in this book neces- 
sary and valuable radio information. The fundamental radio and 
electrical facts are explained simply and clearly. In addition to 
explanations, each chapter suggests and outlines practical experi- 
ences in building, operating, and studying simple and practical 
equipment. 

The fundamentals are important. Radio is essentially simple 
if its fundamental principles are learned in a logical order. Such 
a learning order is followed in this book by combining set con- 
struction, practice in operating basic radio circuits, and a thorough 
study of radio principles. 

Many persons have enjoyed building and operating radio sets 
without knowing the principles on which the operation of the set 
depends. You can, of course, build and operate sets by follow- 
ing instructions in radio magazines or other radio publications. 
But while you can do much experimenting without knowing the 
“whys” of a circuit, a knowledge of the principles of radio and 
their underlying electrical theory and practice is usually desirable 
for the person who has a permanent interest in radio either as a 
vocation or as a hobby. 

How is the material selected and arranged? The subject mat- 
ter of the book is arranged in the order in which you will need it 
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as you work with each set. As far as possible, each circuit is 
studied as a single lesson, which is divided into the following 
parts : 

1. The Purpose of the Lesson 

2. IIow to Build and Wire Any Needed Apparatus 

3. How to Operate the Set or Apparatus 

4. Why the Set Works as It Does 

The explanation in “Why the Set Works as It Does” assumes 
that you have some understanding of common electrical principles. 
But if you do not know or have forgotten these principles, you 
will find included in the chapter experiments that demonstrate and 
help to explain them to you. 

The “how” of set operation is given in the operating instruc- 
tions. The description of each set is followed by an explanation 
of the theory involved. Every principle is proved by experiments 
which use parts found in the average laboratory or shop. 

Inexpensive and easily secured parts are suggested for all the 
sets described in the book. The authors, as teachers, are more 
interested in circuits that are suited to the demonstration of cer- 
tain basic radio or electrical principles than in using the most 
modern equipment. For example, this is the reason for using the 
1LE3 tube to present the principles of the electron tube and to 
explain its operation. Tubes of later design, which are more 
efficient, may be used in place of the 1LE3 tube. 

Questions which serve as a checkup on your understanding 
are included in each lesson. 

In the list of “Technical Terms” at the end of each chapter, 
you will find explained the new words that are used in that chapter. 

How should each chapter be studied? Follow a definite pro- 
cedure as you work through each chapter to produce the best 
results. The following plan is suggested. You may want to omit 
some steps, depending upon your previous knowledge and work. 

Step 1. Read the purpose of the lesson carefully. 

Step 2. Then make a copy of each circuit diagram. (This is 
an excellent way to learn the connections for each circuit.) 

Step 3. Build and wire any needed equipment. If you are 
using completed equipment, follow carefully the instructions for 
attaching the batteries or the power pack and the antenna and 
ground. You will find there is a right and a wrong way. (Do 
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not omit any experiment or hookup, because each is designed to 
teach you an important principle in electricity or radio.) 

Step If.. Test yourself on the checkup questions. They are a 
good test of your understanding of the information in the lesson. 
Write out the answers. 

Step 5. Work the experiments on electrical and radio principles. 
(Your understanding of radio is based on your grasp of these 
principles.) 

Step 6. Turn to the list of “Technical Terms” at the end of 
the chapter to find the meaning of any technical words that are 
new to you. 

What should be expected from this book? When you have 
completed the experiments outlined in this book, you will have a 
working knowledge of the principles that underlie radio. These 
principles do not change. They are the basis on which all radio 
sets are built, from the lowliest crystal set to the finest de luxe 
model. If you wish to keep up with the latest developments in 
radio, the current radio magazines are your best source of infor- 
mation. There are many of them on the newsstands. 

If you are not familiar with some of the terms and abbreviations 
that you find in current radio magazines, look them up in the 
Electronics Dictionary, by Cooke and Markus, which is an excellent 
reference book. 




CHAPTER 1 


RADIO — SOUND’S SEVEN-LEAGUE BOOTS 


Why use radio — Why not shout? Just as the seven-league 
boots helped the hero of fabled story to leap across impossible 
distances, so has the modern magic of radio given to voice the 
ability to leap not seven leagues but thousands of miles across 
mountain and valley, sweeping with the speed of light from town 
to town and state to state, and even to span the vast, lonely wastes 
of ocean between continents. 

Even you, like the fabled hero, can slip on the magic “boots” 
we call radio and flash your voice across our country, talking to 
others like yourself, radio amateurs. You, too, can talk across 
the oceans with your homemade equipment. But there is no 
simple way to make your voice leap these distances without the 
aid of the magic seven-league boots of radio. Sound, unaided, 
will carry only short distances. 

Shout as loudly as you can, and your voice will carry only a 
block or so. Build up your voice with the aid of a loudspeaker, 
as was done in wartime to communicate between vessels, and your 
voice will carry only for a few hundred yards. 

Sound waves travel short distances. Terrific dynamite blasts 
that have occurred at powder-manufacturing plants have been 
heard for only a few miles. The enormous concussion produced 
when the volcano, Krakatao, blew up in 1883 was heard for a 
distance of only a few hundred miles. Such tremendous sound 
power is seldom available and is uncontrollable. But if we could 
control such power, its use would be impractical because the sound 
travels such short distances. 

Radio waves travel great distances. Some system is needed to 
transmit sound or to communicate over any considerable distance. 
Hertz, and later Marconi, discovered such a system. They found 
that when electric currents were forced to surge rapidly back and 
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forth in the wires of an antenna, an effect, set up in space around 
these wires, traveled rapidly away from them. We now call this 
effect radio waves. These radio waves, we know, travel at the 
speed of light, or approximately 186,000 miles a second, which for 
all practical purposes means that a sufficiently strong radio wave 
will leave the antenna wires of a transmitting station and arrive 
at any receiving station in the world almost instantly. A person 
in Honolulu listening to a radio program from San Francisco will 
hear a word spoken by the performer a fraction of a second sooner 
than will a spectator in the studio audience in San Francisco. 
The radio wave reaches Honolulu and is converted into sound by 
the receiver before the sound reaches the person in the first row 
of the auditorium at San Francisco. The radio wave, which 
travels great distances, has been made to carry the sound or 
speech which we know as the radio program. Suppose you 
examine this process as it occurs at a broadcasting station. 

Visit a radio broadcasting station to study this radio process. 
What would be more interesting than to start your study by 
going directly to a radio broadcasting studio and to a broadcast- 
ing station, where you can actually watch a radio program being 
broadcast? There you can begin to learn about the technical 
details of radio broadcasting. 

A radio broadcasting station actually is made up of two sepa- 
rate units, the broadcasting studio, where the programs originate, 
and the broadcast transmitter and antenna where the programs 
are put on the air. 

Your study of radio will be one of the most fascinating and 
satisfying in the applied sciences. 

Visit first a radio broadcasting studio. The broadcasting sta- 
tion you visit has a studio located in the city, where it is con- 
venient to musicians, singers, speakers, or others who perform 
before the microphone. 

Here, the station manager explains, there are several studios 
where recordings are made, where rehearsals are held, and finally, 
the large studio where the main programs originate. He points 
out the red signal light that shows when a studio is on the air. 
He shows you the clock by which the staff times each program to 
the second, and the glassed-in operating booth for the technician. 

He then takes you into the main studio. As you enter, you 
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note an odd feeling. This room sounds and feels different. It 
seems oddly quiet, with its deep soft rug and its strange atmos- 
phere. The station manager tells you that studios must be spe- 
cifically built for radio work. He shows you the hard and soft 
wall surfaces carefully engineered to make the voices and the 
music of the programs originating in this studio sound natural in 
your radio receiver. 

He explains that each studio must be carefully built to elimi- 
nate echoes and to keep undesired outside noises from reaching 
the microphone. An engineer would say that the room had been 
acoustically treated. He would tell you that the absence of echo 
is what gives you the odd feeling in the studio. 

Your visit to the broadcasting studio and to the broadcasting 
station will give you a chance to learn how programs that you 
have listened to in your home originate at the studio and to fol- 
low them through the technical steps as they are put on the air 
at the transmitter. 

On your visit to the broadcasting station and studio, you will 
see highly technical and efficient equipment. You will talk with 
a group of men well trained in the technical phases of radio and 
in its practical operation. Both the equipment and the men’s 
training represent a high degree of development, and yet you will 
find that you can understand in outline the principal steps in the 
broadcasting process, which they will show you and tell you about 
during your visit. You should try to understand this outline 
rather than becoming entangled in the technical details of the 
process. 

Remember, as you examine this fine equipment, that the radio 
amateur in your neighborhood built and wired much of his appa- 
ratus and that he too sends out his voice or code messages across 
thousands of miles of space. He uses simpler versions of the same 
radio parts and circuits used by the radio broadcasting station — 
parts and circuits which you, too, can learn to understand and use 
to operate your own station. 

What appears at first to be a maze of complicated apparatus 
becomes an orderly arrangement of working parts as you become 
familiar with the equipment, learn some new technical words, and 
do some experiments. You, too, can understand and master these 
technical details as you build and operate the electrical and radio 
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equipment and do the experiments described later in this text and 
as you study the principles of their operation. 

When you ask the station manager why the windows in the 
studio are set on a slant, he tells you that this is a part of the 
acoustical treatment. The glass surface is slanted to prevent 
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A New Type o* Microwave Antenna 
This 60-foot parabolic antenna near Guanabo, Cuba, concentrates signal power 
for its 185-mile journey to Florida City, Florida. It is part of the first commer- 
cial system to transmit over 400 telephone conversations and one television pro- 
gram by means of microwaves. 

sound waves reflected from its surface from building up unwanted 
echos in the room. 

But most interesting are the different microphones, or “mikes.” 
One, the station manager explains, is used to pick up the band 
music or the songs of groups of singers, while others are used by 
the announcer and by the actors in radio dramas. 

In the technician’s booth, you see on a small, compact switch- 
board, which the manager calls a console , the knobs and controls 
that the technician uses to fade out the voice of the announcer 
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and to fade in the voices of the actors as changes are made to 
different parts of the program. 

Close at hand, within reach of the technician seated at the con- 
sole, you see another panel which looks like a telephone switch- 
board. That is exactly what this panel is. Connected to it are 
special telephone lines running to the broadcast transmitter, as 
well as lines to the radio network of which this station is a part. 

Now the station manager introduces you to some of the mem- 
bers of his staff. You meet trained announcers and the tech- 
nicians who operate the controls for the microphones at the con- 
sole you have just examined and who assist or direct the actors 
or other performers at the studio. When you ask how the pro- 
gram actually gets on the air, the manager turns you over to a 
technician who explains the process to you. 

He tells you that sound waves set up by the actor’s voices, 
musical instruments, and so on move a thin metal diaphragm in 
the microphone which sets up electrical variations that follow 
exactly the variations of the voice or other sounds in the studio. 
He then shows you how these variations go from the mike to the 
technician’s console and on into amplifiers. From the amplifiers, 
the strengthened voice or sound currents travel over the special 
telephone lines to the transmitting station. 

He shows you the controls on the console which allow him 
properly to balance the strength of the actors’ voices or the vol- 
ume of the accompanying music. He tells you that he can fade in 
or fade out the different parts of the program by means of these 
controls, so that you hear a pleasant, well-balanced program. 

He points out the cables which carry the program from the 
amplifier to the switchboard, where it starts on its way to the 
broadcast transmitter. 

In answer to your questions about the electrical operation of 
the studio end of the broadcasting process, the technician explains 
that you must know something about sound waves and how they 
act on the microphones you have just seen. 

How are sound waves produced? He explains how sound waves 
are produced when the tiny particles, or molecules, of the air are 
set in motion by the voice, by noises, or by musical instruments. 
When you speak, air molecules are alternately moved together and 
pulled apart by the air forced from your lungs. These molecules 
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bump into others, which move over and bump into still others, 
and so on. Each air molecule moves but a short distance and 
then moves back into place. This disturbance, or sound wave, 
travels through the air from one molecule to another at the rate 
of about 1180 feet per second. The power used to set these 
molecules in motion is rapidly dissipated as one molecule bumps 
into the next, and so the sound wave dies out before it gets very 
far. You can notice this by speaking to someone in the next room. 
Your hearer will find that the farther you move away from him 
the weaker becomes the sound of your voice, until finally he can 
no longer hear you. 

How do the sound waves affect the microphone? The tech- 
nician tells you that, while the several types of microphones in the 
studio operate on different principles, their purpose is the same — 
to transform the energy in the sound waves into electrical varia- 
tions in the circuits attached to them. Furthermore, he says, the 
electrical variations must follow faithfully the variations in sound 
energy which produce them. 

He shows you the cabinets which enclose the amplifiers that 
build up these electrical variations before they are sent on over 
the lines to the transmitter to be put on the air. 

He suggests that you will now want to follow the program to 
the broadcast transmitter, where it is actually put on the air. He 
calls the transmitting station to arrange for your visit. 

Now visit the broadcast transmitter. The transmitter is located 
some miles out in the open country, where conditions for a station 
are better than in the city. Here you see the transmitter build- 
ing and the antenna towers. The operator in charge meets you 
and shows you through the station. 

When you enter the transmitting station, the operator shows 
you a telephone switchboard, where connections are made to 
the telephone lines carrying programs from the town broadcasting 
studio or to lines carrying programs from other cities in the network 
of which this station is a member. 

You go into the main transmitter room to see the amplifier and 
modulator tubes and panels. Here, your guide says, the wires 
from the switchboard bring the sound currents from the broad- 
casting studio or the network into the modulator of the trans- 
mitter proper. The job of the modulator tube and its circuits, 
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he says, is to use the sound currents to control the strength of the 
powerful carrier currents set up in the circuits you saw on your 
first visit to the station. He explains carefully how the radio 
waves are modulated. He tells you that when waves are modu- 
lated, they are made strong and weak in exact accord with the 
sound currents from the studio. 

Perhaps the technical words and the names of machines or 
parts that he uses sound odd at first. Listen carefully and try 
to remember them. You will find their definitions at the end of 
this chapter. Your curiosity about their meaning will be better 
satisfied as you go on with your study of radio. You will set up 
and operate similar pieces of apparatus in the laboratory and set 
up and operate similar circuits in simplified form. You will then 
find them easy to understand. 

The operator next shows you the big transmitter in which flow 
the powerful currents that start the process of sending radio waves 
through space. The transmitter is enclosed in a row of steel cabinets 
or racks about 2 feet wide and 6 feet high, all tastefully enameled 
and fitted with panels on which many meters and control knobs 
are mounted. Behind windows in the different panels, you see 
radio tubes glowing in the midst of a maze of wiring and strange- 
looking apparatus. 

He shows you in the first rack the oscillator that sets up a cur- 
rent surging at a steady rate through circuits made up of coils of 
wire and the flat plates of condensers. When he tells you that 
the surging rate, or frequency, for this particular station is 680 
kilocycles, you recognize at once that 680 is the setting of your 
receiver dial when you listen to the program from the station you 
are visiting. The engineer explains that this oscillator circuit must 
always be held at the same frequency. He tells you that unless 
this was done, you would not always find this station at 680 on 
the tuning dial of your receiver but would sometimes have to 
tune above or below 680 kilocycles to find it. He tells you about 
the strict rules and regulations of the Federal Communications 
Commission that he must know and obey so that you can hear 
your favorite station by turning a dial or by pushing a button on 
your broadcast receiver. 

However, he tells you, when you tune your receiver to 680 kilo- 
cycles, you will hear nothing if no program is being broadcast, 
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even though the station is on the air and your receiver is picking 
up some of this radio power going out from the broadcast trans- 
mitter’s antenna. This power, he says, is the carrier wave which 
flashes across space to your receiver at the speed of light. It is 
the power that will carry the radio programs to you, a thing that 
the tremendous unharnessed power of mighty Krakatao could not 
do. He explains that these waves will operate your loudspeaker 
only when they are properly controlled or modulated by sound 
currents which come to this transmitter from the broadcasting 
studio in town. 

Now examine the antenna towers. Your guide then takes you 
out to see the antenna towers at closer range. As you walk along 
the path toward the towers, he tells you that the pipes paralleling 
the path are the coaxial (co-axial) cables which carry the power 
from the transmitting equipment to the antenna towers. When 
you arrive at the towers, he shows you the heavy concrete base 
which supports the tower and the large insulator between the con- 
crete and the steel tower footing. He explains that the insulator 
is needed because the power from the transmitter energizes the 
tower itself, which acts as the antenna. 

He tells you that these powerful currents surging in the tower 
set up the radio waves which travel through space at the speed 
of light. 

Now, back in the station, he turns to a broadcast receiver 
similar to the one in your home. He points out the tubes and 
the circuits and the tuning knob that is used to select the station 
you wish to hear. He then points out a tube which modifies the 
carrier current that comes into the set from the receiving antenna, 
so that sound currents corresponding to the sound currents at the 
broadcasting station can be obtained from the carrier current. 
He finally shows you where these sound currents are amplified 
and sent on to the loudspeaker, where they at last emerge as 
sound. You will learn more about this process in later chapters. 

Can you help but marvel at the wonders of electricity? You 
have seen it harnessed in radio circuits to change the sound waves 
into electrical impulses. You have learned how these impulses, 
flashing through space to your receiver, reach you as the jokes of a 
favorite comedian or the beauty of a concerto played by Kreisler. 

You can study the principles of radio and learn to apply them 
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Broadcasting Antenna won-tv. New York 

Towers, insulated from the earth, are now used as the actual antenna from which 
the radio waves spread out through space to reach your receiving set. 
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in circuits and in sets much simpler than the complicated equip- 
ment you saw on this trip. 

You will now begin your study with simple basic circuits, so 
that you can follow the paths of the current surges in microphone, 
transmitter, antenna, and receiver and can obtain an intelligent 
grasp of how electricity in these circuits makes radio possible. 

Questions 

1. What is sound ? 

2. How are radio waves produced? 

3. What is the speed of radio waves? 

4. How r long would it take a radio signal to go from your home to Calcutta, 
India ? 

5. Why use radio — why not shout when you wish to communicate over long 
distances ? 


Technical Terms 

acoustics — The science of sound. It deals with the study of sound waves and 
how they reflect and produce echoes. A studio is treated with sound- 
absorbing and sound-reflecting materials so that the sound reaching the 
microphone produces a pleasing response in the loudspeaker of your set. 
amplifier — The circuit, including one or more tubes, that strengthens or amplifies 
the changing currents fed into it. 

announcer — The person at the radio studio who operates the microphone-circuit 
controls and who announces the programs. He need not be a licensed radio 
operator. 

antenna — The overhead wire or wires into which the broadcast transmitter feeds 
electrical energy in the form of powerful electron surges. These surges send 
radio waves out through space. Many modern radio broadcasting stations 
use one or more towers as the antenna instead of overhead wires. The antenna 
is located inside the cabinet in many modern receivers, 
broadcasting station — A broadcasting studio and a transmitting station. The 
program is presented at the studio before the microphone, from which it is 
carried over special telephone lines to the transmitting station. At the trans- 
mitter, transformers and motor generators change the electrical energy from 
the power lines into the form needed by the radio circuits in the broadcasting 
transmitter. The transmitter consists of a group of tubes and circuits which 
modify the voice currents from the microphone at the studio and deliver 
them to the antenna, where radio waves are sent out. 
carrier wave — The radio-frequency wave sent out by the broadcasting station 
which travels outward through space at the speed of light. This wave, when 
properly modulated or controlled, carries the radio programs to your receiver, 
condenser — Metal or foil plates separated by an insulator, a device for holding 
or storing electrical energy. You will study and learn to use condensers in a 
later chapter. 



RADIO— SOUND'S SEVEN-LEAGUE BOOTS 


15 


control panel — A desklike panel on which are mounted the many meters that 
tell the station operator the operating conditions of the transmitter and the 
power-supplying machines. Here also are the switches, knobs, and dials that 
the studio operator uses to keep the audio circuits in proper adjustment, 
kilocycle — One thousand cycles. ( Kilo means one thousand.) A cycle is one 
surge of electrons through a circuit and back — a round-trip electron surge. In 
radio, a kilocycle means 1000 cycles per second, 
modulate — The process by which sound currents are made to modify the strength 
of the radio wave generated by the transmitter, so that the radio waves will 
carry the sound currents. 

modulation — The process by which the voice currents of varying strength, set up 
by sound striking the diaphragm of the microphone, control or modulate the 
strength or amplitude of the radio-frequency carrier wave, 
molecules, air — The smallest particles of air in our atmosphere, 
motor generators — Machines that generate or produce electrical energy. Alter- 
nating electrical current operates the motor, which in turn drives a generator 
to produce direct -current electricity or alternating-current electricity depend- 
ing on the internal connections of the generator, 
oscillator — A circuit that sets up a steady oscillating current which surges back 
and forth in the coil and condenser. 

radio operator — The person who maintains and adjusts the broadcast-trans- 
mitting equipment. He must pass stiff Federal technical examinations to 
obtain his operator’s license. He is also called radio technician or radio engineer . 
A true radio engineer has had four years of college training or its equivalent, 
radio wave — An effect set up in space by the currents surging, or oscillating, in 
the antenna. The radio wave travels through space at the speed of light, 
sound currents — Currents set up in the circuits connected to the microphone 
which are caused by sound waves striking the microphone diaphragm, 
studio -The special acoustically treated rooms where singers, speakers, and 
musicians perform before microphones. 

transmitter — The part of the broadcasting station in which the sound currents 
modulate the oscillating currents started by the oscillator and strengthened 
by the amplifiers. The strengthened modulated currents are then fed to the 
antenna, where the radio waves arc started on their way through space to 
your receiving set. 
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In this chapter you will study the way radio waves travel 
through space after they leave the broadcasting-transmitter 
antenna. Many people think that the radio music and pro- 
grams sent out from a broadcasting station travel as air waves 
which the receiving set picks up and in some mysterious way 
.changes into music. You will soon learn how they do travel. 

We shall discuss the facts that are known about these waves 
and their action in as simple and nontechnical a way as possible. 
We shall use the latest generally accepted explanations for these 
facts and shall avoid the explanations that are in dispute. 

Much research is being done to develop the uses of radio waves 
for industry, for pure science, and especially for the electrical and 
chemical field. Military devices are also important, and many of 
them, like radar, are finding peacetime uses. 

There are many types of waves in space. Radio waves are 
used in many fields other than radio. They and their effects are 
found in places unsuspected by those who have done little read- 
ing on scientific topics. The concentrated research on these waves 
is bringing out new uses for them and is revealing their existence 
in startling fashion. Few would suspect that light, heat, the 
X ray, and many other common effects are due to the same type 
of wave. Later in this chapter you will read more about them. 

There are many wave bands. Most of you are familiar with 
the several wave bands used by the broadcast, police, and air- 
craft radio services. But you may not be so well acquainted 
with the amateur bands of frequencies or with the high-frequency 
or ultrashort ( ultra-short ) radio wares. Nor may you be familiar 
with the low frequencies used by the commercial radio-telegraph 
companies. 

It is a highly fascinating chapter of science that deals with fre- 
quencies far higher than the highest radio frequency. You will 
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delve somewhat into these things in your study of waves and wave 
travel. 

In this chapter you will learn the following things: 

Part 1 : What Radio Waves Are 

Part 2: How the Heaviside Layer, or Ionosphere, Reflects Radio Waves 
Part 8: How the Ionosphere-layer Heights Vary 
Part 4: How Sunspots Affect Radio Reception 
Part 5: What Skip Distance Means 

Part G: Why Night Reception Is Better than Day Reception 

Part 7 : What Causes Fading 

Part 8: How Wavelength Varies with Frequency 

Part 9: How the Ionosphere Affects Broadcast Frequencies 

Part 10: Some Other Electromagnetic Waves 

Part 11: What Causes Static 

PART 1: WHAT RADIO WAVES ARE 

Radio waves cannot be pictured accurately. If you do not 
know much about radio waves just now or do not understand 
how they act, you need not feel badly about it. You will learn 
more about them in later studies of radio. Also, do not think 
that all you have to do is to read an article on radio waves to 
have a definite mental picture of them. 

Most of the ways used to describe and to picture radio wares are 
inadequate and incomplete . Do not let that discourage you . Try to 
form a picture even if you find it difficult to do so. Scientists and 
engineers use mental pictures . They change them or make vp new 
ones when they find that the old ones are inadequate or incomplete. 
The important thing is to know that your picture is incomplete and 
to be ready to change it when you find out more about radio waves. 

Electrical effects travel through space. Many theories have 
been advanced as a means of explaining the effects that we know 
occur in radio. From the mathematical studies of Maxwell and 
from the experiments of Hertz and Marconi in the 1800’s, there 
was evidence that something traveled from the transmitter to the 
receiver. At first it was thought that this effect was carried by 
the air, but later experiments have proved that it will travel 
through empty space where there is no air, just as light waves from 
a distant star travel to us through empty space. 

Only mathematical formulas describe radio waves. So-called 
radio waves are peculiar. Scientists have found that mathemati- 
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cal formulas are the most satisfactory way to describe and to 
work with them. These waves behave like trained seals when 
they are caged in mathematical formulas, but when they are 
removed from the mathematical cage, they are so complex that 
we are unable to form a satisfactory and accurate picture of them. 

It is fortunate that you can use and enjoy radio waves before 
you gain an exact knowledge of them. However, there are general 
points which you should know. 

Questions 

1. Is it possible to understand the action of radio waves without first having a 
mental picture of them ? 

2. What is the one sure means that scientists have for explaining the action 
of the radio waves? 



Fig. 1 . Radio waves, traveling away from a broadcasting antenna, are strongest 
in a direction parallel to the earth. Here the ground wave is stronger than the 
sky wave. 


Antennas send out ground waves and sky waves. When you 
visited the radio broadcasting station, you saw nothing unusual 
about the vertical steel antenna tower, but you knew that radio 
waves were flashing away from it at the speed of light. The 
engineer at the transmitter told you that the waves from this 
antenna traveled away from it most strongly in a direction parallel 
to the earth (see Fig. 1). He called them ground wares. The 
designers of the station wanted as little as possible of the energy 
from this antenna to be directed upward to form what are called 
sky waves, because they wanted to produce a strong, usable pro- 
gram at all receivers for a distance of 50 to 100 miles. If there 
were too little energy in the ground waves, they would be too 
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weak to operate an ordinary receivy well at that distance, because 
some of the energy in the ground waves is absorbed by the earth 
and some by buildings, power lines, other metal structures, trees, 
and so on. 

The sky waves, which are directed upward, often travel sur- 
prising distances. It is the sky wave which brings you a distant 
station on cold, clear nights. 

The engineer explained that this tall tower was designed to 
send out powerful ground waves. He also told you that there 
are other types of antenna that send out strong sky waves and 



Fig. 2. Radio waves, traveling away from the antenna of a high-frequency 
station, are strongest in the direction shown. Here the sky waves are strong and 
the signals carry over longer distances. 


weak ground waves (see Fig. 2). These later types of antenna, 
to cover greater distances, take advantage of the skipping effects 
described later in this chapter. Amateur stations usually depend 
on this sky-wave transmission. You will study more about 
antennas in a later chapter. 

Now you will see how the radio waves travel through space 
from the antenna of the broadcasting transmitter to the receiver 
in your home. 

PART 2: HOW THE HEAVISIDE LAYER, OR IONOSPHERE, 
REFLECTS RADIO WAVES 

How do waves travel? Radio waves move, are carried, or pass 
through space in some way. No matter what the length or fre- 
quency of the radio wave, it moves through free space at the speed 
of light —186,000 miles per second (or 300,000,000 meters per 
second.) The speed of wave travel is so great that a wave could 
Bash seven times around the earth at the equator in 1 second. 
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Radio waves generally travel in a straight line, but they may be 
bent, or reflected, like light. Metal interferes with these waves. 
The exact form or manner in which this wave motion travels is a 
matter of much discussion among advanced scientists, and we 
shall not go into it in this book. 

The Heaviside layer, or ionosphere, reflects radio waves. An 

effect called fading has always interfered with reception of pro- 
grams. This effect is noticed at broadcast frequencies, although 
it is pronounced in amateur sets on higher frequencies. Amateurs 
have also known the effect of the waves’ ‘‘skipping” over their 
stations. The explanation of fading and skipping is based on the 
Heaviside-layer theory. This theory was developed by an English- 
man named Heaviside and by an American named Kennedy. 
These men reasoned that there was a layer made up of electrified, 
or ionized, particles of air enveloping the earth at a considerable 
height. It is now called the ionosphere , or the Heaviside layer. 
They also reasoned that this layer of ionized particles must have 
a reflecting effect similar to that of a mirror. 

A beam of light that strikes a mirror at an angle is reflected at 
the same angle. Since radio waves act like light waves, it is 
possible to explain fading and skipping by saying that in the sky 
a layer of some sort reflects the waves. It is generally accepted 
at the present time that there are several such layers. They 
have been studied enough so that we think that we understand 
their characteristics with reasonable accuracy. 

Questions 

1. What effect does the ionosphere, or Heaviside layer, have upon radio waves ? 

2. Does a radio wave reflect at the same angle at which it strikes the ionosphere 
layer? 

PART 3: HOW THE IONOSPHERE-LAYER HEIGHTS VARY 

How are the ionosphere layers formed? The ionosphere layers 
are formed as the ultraviolet rays from the sun reach the upper 
layers of air and use their energy in electrifying, or ionizing, the 
air particles they meet. When the sun is overhead, the ultra- 
violet rays penetrate farther through the air layers surrounding 
the earth. As a result, the ionization, or charging, of the air is 
heaviest at noon. 

The constant change in the strength of the flow of ultraviolet 



RADIO WAVER AND WAVE TRAVEL 


21 


rays from the sun causes the ionosphere layers to billow and flow 
much as a cloud does. Their volumes and heights change from 
hour to hour as the strength of the ultraviolet rays changes. 

At what heights are the ionosphere layers? Over the day side 
of the earth, at a height of about 70 miles, there is an ionized layer 
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that reflects shj waves from broadcasting stations (see Fig. 3). 
This is known as the E layer. Far above are the F i layer, at a 
height of about 140 miles, and the F> layer, at a height of about 
185 to 250 miles. Sky waves from short-wave, or high-frequency, 
stations reflect from the F\ layer during the daytime. 

Below the E layer in the daytime there is a D layer at a height 
of about 37 miles. It has some effect on long-distance reception 
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of broadcasting stations. Very long wave stations (operating at 
frequencies below about 500 kilocycles) make some use of this 
layer for their transmissions. 

At night the E layer remains at about the same height as during 
the day, but it is a much less effective reflector (see Fig. 4). At 
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Fig. 4. Night heights of the ionosphere layers. There is no F\ layer at night 
and the E layer is weak and sometimes disappears. 


night there is only one upper layer, at a height of about 185 miles. 
It is called the F layer , since the F \ layer disappears. 


Questions 

1. What rays from the sun cause or produce the ionosphere layers? 

2. What effect does the position of the sun have on the height of the ionosphere 
layers? 

3. Do all radio waves travel at the same speed ? What is this speed ? 

4 . What bends the radio waves around the earth ? 

5. Of what is the ionosphere composed ? 
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6. The ionosphere layers are about how many miles above the surface of the 
earth during the day? at night? 

PART 4: HOW SUNSPOTS AFFECT RADIO RECEPTION 

A sunspot is a huge hole torn in the surface of the sun by an 
explosion of gas. An inner layer of the sun, exposed by the explo- 
sion, is at a temperature of about 30,000°F, or 20,000° hotter than 
the outer layer. A huge blast of ultraviolet rays rushes to the 
earth from the sunspot. These rays may cause the thickness and 
the strength of the ionosphere layers to increase as much as a 
third or more in an hour. 

When the ionization, which is caused by the sunspots, becomes 
thick enough at the North Pole, it is visible as the northern lights 
(aurora borealis). Radio, cable, and telegraph service is often 
interrupted when these displays of the aurora occur. The effect 
of the ionization at the earth’s magnetic poles, seen as the aurora, 
creates a tremendous field of magnetic force which causes this 
disturbance in radio and telegraph communication systems. Com- 
pass magnets are also badly affected by the aurora. 

PART 6: WHAT SKIP DISTANCE MEANS 

The ionosphere layers act like a mirror to reflect radio waves. 
A transmitting station sends out a wave, which strikes an iono- 
sphere layer, reflects back to the earth, glances from the earth 



up to the ionosphere layer, then down again, and so on, until its 
energy dies out. This process carries waves for great distances 
(see Pigs. 5 and 6). 

Suppose your receiver is too far from the transmitting station 
to pick up its ground waves, which travel for short distances along 
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the earth (see Fig. 5). Radio sky waves which are reflecting back 
and forth between the earth and an ionosphere layer may strike 
the earth 10 miles from your set, then reflect up to the ionosphere 
layer, and then strike the earth again beyond your set. The set 
will be in a dead space between the reflected waves, but listeners 
btyond and behind you will receive the piogram. The distance 
between points wheie the reflected wave reaches the earth is called 
the skip distance. The wave that is sent from the transmitting 
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station to the ionosphere layer is called the sky wave to distinguish 
it from the ground wave. 

This reflection of waves is one reason for the varying difference 
in volume of signals, or sounds, received from nearby stations and 
stations located great distances from the receiver. It is not always 
possible to judge the distance between the transmitting station and 
the receiving station by the volume of signals. In many cases, 
listeners have noticed that stations located thousands of miles 
away come in stronger than stations located only a few hundred 
miles distant. 

Questions 

1. What is skip distance ■ 

2. What causes skipping 5 

3. What is likely to happen to radio waves that are sent nearly straight up ? 
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4 . What is likely to happen to waves that are sent out in nearly a horizontal 
direction? 

PART 6: WHY NIGHT RECEPTION IS BETTER THAN DAY RECEPTION 

Broadcast reception from distant stations is improved at night. 
Programs are heard over greater distances, and the music is 
stronger. At night there is less absorption of the strength of the 
sky waves than during the day. 

Programs from the higher frequency stations also are heard 
over greater distances at night, because the F layers then com- 
bine into one layer at a height of about 185 miles. The F\ layer 
disappears, so that the sky waves travel up to the night F layer 
before they are reflected. This greater height gives waves from 
the broadcast band to the ultrahigh- (ultra-high-) frequency waves 
a much longer skip distance at night. 

Programs from distant broadcast stations reach you at night by 
way of the sky waves. You can have much pleasure searching 
for these distant stations. Broadcast engineers depend on the 
ground waves to get their programs to nearby listeners during 
the day. They expect these waves to furnish good programs over 
a distance of about 50 miles. 

PART 7: WHAT CAUSES FADING 

Of the many interesting explanations for fading we shall discuss 
but two. 

Interference between ground wave and sky wave causes fading. 

Assume that you are close enough to a broadcasting station for the 
ground wave to reach your set. It could be possible for the sky 
wave to reflect up about 70 miles to the E layer and back down 
70 miles to your set, so that you would be able to get signals from 
both the ground wave and the sky wave (see Fig. 7). But the 
sky wave has traveled a greater distance than the ground wave, 
and, consequently, the waves that come to you over the sky wave 
arrive a little later than the ground wave. A radio engineer 
would say the two waves are out of phase. The result is that 
two sets of waves interfere, and the waves are weakened or com- 
pletely stopped. 

The height of the ionosphere layer constantly changes. When 
the ionosphere layer rises, it increases the reflection distance. 
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and the sky wave goes beyond your set; when the ionosphere 
layer drops, the wave reflects on the near side of your set. Both 
times you hear the program over the ground wave, but when the 
sky wave and the ground wave reach your set together, you will 
hear variations in the strength of the program. 

Billowing of ionosphere layers causes fading. Another cause of 
fading is the billowing of ionosphere layers. Suppose you are a 
long distance from the transmitter and in just the right position 
for the sky wave to reflect on an ionosphere layer and hit your 
receiving set. You are now too far away to receive the ground 
wave. As the ionosphere layer rises or billows upward, the wave 



hits the ground beyond your set and the station fades out. Then, 
as the ionosphere layer comes down again, the wave drops back 
and falls on the other side of your set. 

The ionosphere layer may billow up and down so rapidly that it 
is possible for the wave to come in and disappear several times in a 
few minutes, and sometimes the fading in and out may be very 
slow. 

Questions 

1. Describe two causes of fading. 

2. What causes a station to fade in and out quite rapidly? 

PART 8: HOW WAVELENGTH VARIES WITH FREQUENCY 

Why do some waves have high frequency and some low fre- 
quency? When listening to a conversation between radiomen 
you hear the words wavelength and frequency used a great deal. 
Probably, without realizing it, you use one of these words your- 
self every time you tune your radio set to hear your favorite news- 
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caster or evening program. You hear the announcer remark, 
“You are tuned to station so and so, 6S0 on your dial.” The 
“680” is the frequency of the station in kilocycles. But what 
does that mean? 

You can see the meaning of frequency clearly by doing a simple 
experiment with two yardsticks. Fasten the two yardsticks firmly 
side by side in a vise, so that one stick extends 30 inches and the 
other 12 inches above the vise. Then pull the end of the longer 
stick backward and release it. It swings back and forth rather 
slowly. Next, pull the end of the shorter stick in the same way 
and release it. The shorter stick vibrates back and forth more 
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rapidly. We say that the longer stick vibrates at a lower fre- 
quency than the shorter stick. We mean that it vibrates fewer 
times in a second. The shorter stick vibrates at a higher frequency 
than the longer stick. From this you can see that frequency means 
the number of times the stick vibrates in 1 second. 

In radio, the word frequency means the number of current surges 
occurring in the antenna or in the circuits of the set in one second. 
Each round-trip surge is called one cycle. Since kilo means one 
thousand, the announcer mentioned above meant that round-trip 
surges of current occurred in the antenna at his transmitter at the 
rate of 680,000 cycles per second. 

It is customary to omit the words per second when stating the 
frequency of a radio wave. Thus, we say “680 kilocycles” when 
we mean “680 kilocycles per second.” This will cause you no 
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confusion if you always remember that per second is understood 
when someone says that a frequency is so many kilocycles. 

Wavelength is the distance a radio wave travels away from the 
transmitting antenna through space before another current surge 
starts a second wave. The wavelength of the 680-kilocycle (per 
second) wave we mentioned in the last paragraph is 441 meters, 
or about 1570 feet. A meter is a little longer than a yard. 

Frequency varies with wavelength. You can always find tin* 
wavelength if you know the frequency; or you can find the fre- 
quency if you know the wavelength. All you do is divide the 
speed of the wave by the frequency to find the wavelength, or 
divide the speed by the wavelength to find the frequency. You 
must be careful to use the proper units. The answer will come 
out right if you use 300,000,000 (meters per second) for the speed. 
This is the rate at which the radio wave moves through space 
(186,000 miles per second). Then dividing by the frequency in 
cycles (per second) will give you the wavelength in meters, and 
rice versa. 

Here is an example; The wavelength for the frequency of (580 
kilocycles (680,000 cycles) mentioned earlier in this chapter equals 
300,000,000 meters per second divided by the frequency. This 
may be written as a formula: 

Speed of wave , , 

— — = wavelength 

r requeney 

You can write this more simply by using these symbols: 



where s = speed of the wave in meters per second 
/ = frequency in cycles per second 
X = the Greek letter lambda used for wavelength 

300,000,000 ,,, , . , 

— 680 000 = meters “ the wavelength 

You can also find the frequency if you know the wavelength. 
A popular wavelength used by amateurs is 40 meters. What is 
its frequency? Substitute the known values in the formula: 
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X 


-/ 


300,000,000 

40 


7,500,000 cycles per second 


= 7500 kilocycles 


This amateur band actually covers the frequencies from 7000 
kilocycles to 7300 kilocycles. 

It is important to remember that the higher the frequency, the 
shorter the wavelength. Imagine that you are a timer at an 
auto racing track where all the cars are passing you like waves 
at a constant speed of a mile a minute. If the cars ''waves) are 
all separated from each other by 1 mile, a car will roar past you 
once every minute. If, on the other hand, the cars (waves) are 
only \ mile apart, two of them will pass you every minute. Thus, 
when the distance between cars (waves), or wavelength, is cut in 
half, the number of cars (waves) per minute, or frequency, is 
doubled. 

Ultrashort wave bands act like light waves. The wavelengths 
shorter than about 10 meters act much like light waves. These 
waves do not seem to penetrate objects as readily as do the longer 
waves, but are reflected from buildings and hills as light is reflected 
from a mirror. Certain objects, which are large compared to a 
wavelength, stop the waves entirely. It is not always possible to 
send or receive messages with these waves, unless a system can be 
developed that will permit the wave to be reflected from one 
station to the other, because the sky wave is not reflected back 
by the ionosphere layers in the same manner as are ordinary 
radio waves. 

A great deal of development has occurred in the field of the very 
high frequencies. These frequencies will be referred to again in 
later chapters. 

Questions 

1. What do we mean by saying a radii) wave is 400 meters in length? 

2. Explain the meaning of the term frequency. 

3. W’hat is the meaning of the word kilo? 

4 . What is the 'wavelength of a radio wave that has a frequency of 1500 
kilocycles ? 

5. What is the frequency of a radio wave 500 meters in length? 

6. What is the range in meters for the broadcast band ? 
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7. What is one striking difference between a 5-meter wave and a 200-meter 
wave? 

PART 9: HOW THE IONOSPHERE AFFECTS BROADCAST FREQUENCIES 

How was the broadcasting station we mentioned built so that 
its ground wave would cover an area that would be within a circle 
of roughly 50 to 100 miles from the transmitting station while 
operating at a frequency of 080 kilocycles? Its antenna was built 
so that it would send out strong ground waves and weak sky waves. 
The area covered by the waves that the station sends out depends 
upon the amount of power the station can transmit. The station’s 
designer controls this area by carefully planning the size and shape 
of the antenna. 

The Federal Communication Commission has assigned to broad- 
casting stations frequencies between 550 kilocycles and 1500 kilo- 
cycles. At these frequencies, the transmitting antennas are not 
awkw T ardly large, and there is reasonably little loss in the ground 
wave. During the day, the energy in the sky waves at these fre- 
quencies is lost in the I) and E layers. At night, the sky wave is 
reflected from the E layer and broadcasting stations are heard up 
to distances of 3000 miles. Fading may be noticed at night where 
the sky waves and ground waves oppose each other, but this effect 
does not occur in the 50- to 100-mile range if the station has been 
well planned. 

The high-frequency stations, with frequencies of 1500 to 30,000 
kilocycles, use the sky wave because the ground wave losses are 
so high. The sky waves reflect from the F i layer during the day 
and from the F layer at night. You may hear stations 10,000 
miles away. 

Questions 

1. Explain the term frequency, 

2. Tune your home broadcast receiver to a station of known wavelength or 
frequency. Then estimate how far down the street a wave crest is at the instant 
that a like crest strikes your set. (Assume that 1 meter equals S feet.) 

PART 10: SOME OTHER ELECTROMAGNETIC WAVES 

How do heat waves compare with radio waves? When the 
wavelength is shortened to about 0.0008 centimeter, it is no longer 
called a radio wave but is known as a heat ware. Heat waves are 
shorter, and their frequency is greater than that of radio waves. 
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Heat waves vary considerably in length. When you feel the heat 
from a slove on your hands, the stove is “broadcast mg’* to you 
on an extremely short wavelength. During the First World War, 
heat waves were generated, focused, and controlled so that it was 
possible to send messages on them. Equally amazing develop- 
ments were made during the Second World War. 

How do light waves or rays compare with heat and radio waves? 
Short waves are known as rays. When the heat rays get quite 
short, they are no longer known as heat rays but are called infra- 
red rays . If the wavelength of these rays is shortened just a little 
more, until their length is SI millionths of a centimeter, they pro- 
duce the sensation of red to the eyes. As the rays get still shorter, 
they produce the effect of orange, then yellow, green, blue, indigo, 
and violet. The violet light is produced by the shortest ray visi- 
ble to our eyes and is 41 millionths of a centimeter long. The 
length of light rays can be pictured easily by imagining an ordi- 
nary human hair which has been split lengthwise into 100 pieces. 
The thickness of one of these pieces is approximately the length 
of a light wave. 

Tn other words, the waves that produce the effect of light are 
just the same as radio waves, but they are shorter. The radio 
receiver, then, is a machine for “seeing” waves that are too long 
for our eyes to tune in or for the nerves in the skin to feel. The 
receiver changes these waves into sound. 

As the waves become shorter than 41 millionths of a centimeter, 
they again become invisible and are known as ultraviolet light . 

X rays act much like radio waves. The next shorter wave that 
is interesting to us is called the A" ray . It has a wavelength of 
1 billionth of a centimeter, or it is about one j o'oo as long as visi- 
ble light rays. The X ray has a property similar to that of the 
radio wave and different from that of the light wave in that it can 
pass through wood and other opaque, or nontransparent, objects. 
Dense objects like iron and lead, however, will stop the X rays. 

How do cosmic rays compare in length with other waves? The 
shortest wave known is the cosmic ray . Its wavelength is about 
iV; the length of the X ray. It can penetrate over 14 feet of lead. 
The cosmic ray, once the headliner among the different waves, 
now gives way to radar and other wartime developments using 
radio waves approximately an inch long. 
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There are many other rays which we have not mentioned because 
too little is known about them or they are not commonly used. 
There seem to be but few breaks, or gaps, in the wave bands 
between the shortest (cosmic) waves and the longest (radio) waves. 

Questions 

1. What are the wavelengths of light rays? 

2. Can radio waves pass through a wooden building? Can light waves? 
Can X rays? 

3. What is the name for waves a fraction of an inch long? 

4. Can messages be sent on waves which are a fraction of an inch long? 

PART 11: WHAT CAUSES STATIC 

There are many causes of static. Static is a term that is 
usually applied to a disagreeable hissing, cracking, or popping 
noise in the receiver. One kind of static is caused by atmos- 
pheric electricity. Man-made static may be caused by a spark- 
ing motor or by a broken or defective insulator on a power line 
from which the current is leaking off to the pole. These sparks 
send out radio waves, most of which cover a wide band of fre- 
quencies and cannot easily be tuned out. The waves may be 
picked up on neighboring sets regardless of what station is tuned in. 
Static caused by atmospheric storms and by lightning often affects 
sets thousands of miles away. 

Static in broadcast receivers is no longer the problem it once 
was, because it can be greatly reduced in a modern receiver, and 
because present-day broadcasting stations are more powerful. It 
is only strong static from the nearby arcing of current across a 
leaky insulator, or something of that nature, that interferes with 
these sets. The frequency-modulated-wave (or f-m) system is 
designed to eliminate static. One part of the receiver circuit is 
especially designed for this purpose. This system, free from static 
and designed for unusually good tone quality, is replacing the older 
amplitude-modulated-wave (or a-m) system for certain purposes, 
Such as police radio, taxicab dispatching, etc. 

How are noises minimized? Lightning and northern lights 
Send out powerful waves which interfere with programs. Dia- 
thermy machines are considered a serious offender in sending out 
man-made static. 

Sparking at the brushes of many kinds of motors causes static. 
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Static is eliminated on a noisy motor by putting condensers across 
the wires to the base plug or power outlet. A good illustration of 
static elimination is in automobile radios. Each spark plug is 
fitted with a suppressor resistor so that as the car runs, there 
will be little or no interference with the radio reception. Ama- 
teurs operating receivers on the higher frequencies can hear the 
static from the ignition systems on passing cars. 

Questions 

1. Make a list of causes of static. 

2. List some ways by which static may be overcome. 

Technical Terms 

aurora borealis — A beautiful colored display of ascending streamers and light, 
caused by a thick ion cloud in the sky over tlm north magnetic pole, 
broadcast bands — A band of frequencies from 550 to 1500 kilocycles assigned to 
standard broadcasting stations. 

cycle — The surge of current through a circuit or an antenna in one direction 
and its return. 

fading — The decrease in strength or the total loss of a received signal, 
frequency — The number of current surges occurring in 1 second in an antenna or 
in a circuit of a set. See wavelength and frequency, 
ground wave — A radio wave which travels along the earth for comparatively 
short distances. 

heat Waves about 0.0008 centimeter in length. These waves cause a sensation 
of warmth when they fall on the skin. 

Heaviside — An English scientist who developed the theory of the Heaviside 
layer at the same time that Kennellv in America developed a like theory. 
Heaviside layer, or ionosphere — A layer of electrified particles of air that blankets 
the earth at a height of 40 to 450 miles. These layers are now called the 
ionosphere. 

high frequency — The frequency at which short waves oscillate, 
in phase Waves coming together so as to add like effects. 

ionization -The partial breaking up of atoms or molecules into electrical charges. 

At the instant of ionization, the atoms either gain or lose electrons, 
light Waves of the correct length to affect the eye. Light waves are from 
81 millionths of a centimeter to 41 millionths of a centimeter long, 
low frequency — Frequency at which long waves oscillate. 

Marconi The Italian scientist and inventor who made the first practical appli- 
cation of the principles of telegraphy without wires, 
out of phase — Waves coining together so as to oppose each other in effect, 
radio wave An effect that travels through space at the speed of light (186,000 
miles per second). 

signal -The energy set up in the circuits of your receiver is often referred to as 
the signal. 
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skip distance — The distance between the points where the wave leaves the earth 
and where the reflected sky wave returns to the earth, 
skipping — A billowing, or raising and lowering, of the ionosphere layers that 
causes reflected waves to strike the earth over certain areas and to miss, or ski]), 
other areas. 

sky wave — A radio wave which travels to the ionosphere and is reflected back 
to earth. 

sunspots —Huge holes torn in the sun's surface by gaseous explosions, 
ultraviolet rays — Waves just too short to be seen, shorter than 41 millionths of a 
centimeter and longer than 1 billionth of a centimeter, 
wave bands — A group of frequencies or wavelengths. Light wavelengths cover 
a narrow’ band of frequencies, as do amateur-radio wavelengths, police-radio 
wavelengths, and broadcast wavelengths, 
wavelength and frequency — As a wave gets shorter, its frequency increases, and 
as the length of a wave increases, its frequency decreases. 

X rays— Waves about a billionth of a centimeter long. X rays penetrate wood, 
metal, and many other materials through which light or heat will not pass. 
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When you visited the broadeasting studio and, later, the broad- 
casting transmitter station, where the radio waves start out 
through space, you saw many examples of electricity at work. 
You were told that the voices of the announcer and of the actors 
controlled the strength of the electric currents flowing through the 
microphones into which they spoke. You saw motor generators 
supplying electricity to operate the broadcasting transmitter. You 
saw electricity at work in rows of tubes and circuits in the trans- 
mitter racks. You were told that the radio waves leaving the 
transmitter antenna travel through space and set up a series of 
electrical happenings in your receiver set and that these electrical 
happenings finally cause the loudspeaker of your set to produce 
sound. It is easy to see why you must know a good deal about 
electricity if you are to understand what is going on in the studio 
and the transmitter circuits, as well as in your radio receiver. 

Consequently, your study of radio must start with the study of 
electricity. You will want to know what electricity is, how it acts, 
what happens when it flows through the coils in your radio set, 
what it does in going through the maze of wires beneath the 
chassis, and how it acts in vacuum tubes. 

In this chapter you will learn enough about electricity to be 
able to understand its action under these different conditions. 
Then, as you progress in your study of vacuum tubes and cir- 
cuits, you will be able to follow intelligently the flow of electricity 
through them. You will learn some of the fundamental facts 
about the atom and electron and how the flow of electrons through 
wires makes an electric current. You will learn the words used 
to describe the flow of electricity and some of the units used to 
describe this flow accurately under different conditions. 

You will begin to learn about electricity by studying and work- 
ing with a direct current in which the electricity flows continuously 
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in one direction. Then later you can study alternating current, 
in which a special kind of generator makes the electricity flow 
through the wires first in one direction, then in the other. Both 
kinds of electricity are used in radio. 

The things you will learn in this chapter are under the following 
headings: 

Part 1: What Electricity Is 

Part 2: How Voltage, Current, and Resistance Arc Measured 
PART 1: WHAT ELECTRICITY IS 

What are atoms and molecules? It will be valuable for you to 
know some of the things scientists, in their study of physics, have 
learned about the nature of the force we call electricity. Scien- 
tists, in their age-old search to find the basic units of matter, 
found, as they carefully examined solids, liquids, and gases, that 
they could by chemical means break down each substance only 
so far. Materials that could not be broken down any further by 
chemical action were called elements. Examples of elements are 
such metals as copper, iron, and silver and such nonmetals as 
oxygen, nitrogen, and hydrogen. Air they found to be composed 
of a mixture of elements oxygen, nitrogen, small quantities of 
neon, argon, and a group of other rare gases. 

As a result of many years of exhaustive studies made by scien- 
tists, 92 of these basic, naturally existing elements were discovered. 
During atomic-bomb research, a number of new elements, which 
are not known to exist naturally, have been identified. You can 
learn more about them in any recent chemistry textbook. 

It was discovered during the study of matter that if elements, 
such as copper, iron, or aluminum, were reduced to what scien- 
tists first thought were their smallest divisions, each particle would 
be so tiny that several billion would be needed to reach across a 
Hin point. This type of particle was called an atom. It was also 
discovered that the atoms of a given element are alike and that 
if the atoms of certain different elements are chemically held 
together, they form a compound. You are probably familiar with 
the combination of two atoms of hydrogen and one atom of oxygen 
to form a molecule of water. Science gave the name molecule to 
the smallest particle of substance that is made up of atoms of 
different elements chemically combined. 
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For years these two units, the atom and the molecule, were 
believed to be the smallest possible divisions of matter. But 
scientific evidence rapidly accumulated to prove that matter can 
be separated even further. 

An atom consists of electrons and other particles. Since scien- 
tists are curious and skeptical, they began to question the idea 
that the atom was the smallest particle of matter. Evidence 
began to accumulate which indicated that the atom was made up 
of particles still smaller. A newer theory stated that all matter 
was made up of very tiny particles, some positively charged, some 
negatively charged, and some carrying no 
charge at all. 

In trying to explain the nature of the 
atoms, the Danish scientist Bohr (pro- 
nounced b-o-r-c) thought of a convenient 
wav of picturing them. Figure 9 shows 
his picture, or diagram, of the helium atom 
in which he showed a heavy central core 
called the nucleus. Around it he showed 
tw r o negatively charged particles called elec- 
irons. These two electrons move around 
the nucleus as the earth and the other 
planets move around the sun. They are called planetary electrons. 

It is now 7 known that the differences among atoms of different 
chemical elements consist basically in the differences in their 
nuclei. The electrons of the atom of the element are arranged in 
layers, and the electrons of each layer whirl around the nucleus 
in their own orbits. 

Study the atom further. Look closely at Bohr’s diagram of the 
atom of helium (see Fig. 9). Note that the nucleus is made up 
of several particles shown here as small circles. Some of these 
particles, called protons , carry positive charges. Each neutral 
atom has as many protons in its nucleus as there are planetary 
electrons flying around it. The total charge of the atom is neutral 
because the positive charge of the protons is balanced by the nega- 
tive charge of the electrons. We also find in the nucleus particles 
without any electrical charge, which are called neutrons . The 
nucleus makes up the largest part of the atom by weight. 

You may be interested in knowing the electron arrangement of 


^ Z planetary 
electrons 



*•^2 neutrons 
/ 

^nucfaus/ 

XC 

Fig. 9. This is a helium 
atom as Bohr would draw 
it. 
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some of the elements we will encounter in radio. Neon gas has 
10 planetary electrons arranged in two layers (see Fig. 10). Cop- 
per has 29 planetary electrons that fly around the nucleus in four 


10 plane tary elec irons 



these tiny electron 
with your study of 


Fig. 10. This shows the ar- 
rangement of the planetary elec- 
trons, the protons, and the 
neutrons in an atom of neon gas. 
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layers. The inner layer has two elec- 
trons, the next layer eight, the third 
layer eighteen, and the outer layer 
only one. 

What have 
charges to do 
radio ? 

Circuits are electron pathways. 

Metals act as a pathway for the flow 
of the tiny electron charges we call 
electricity. Examine the circuit of 
the radio tube shown in Fig. 11. A circuit , as shown in radio and 
electricity, is a completed electrical pathway. In Fig. 11, which 
shows the filament-heating circuit of a vacuum tube, we find a 
dry cell that supplies the elec- 
tricity, a vacuum tube, the wir- 
ing to the different terminals, 
and a tube socket into which 
the tube is plugged. Note 
that this circuit forms a com- 
plete pathway for the electric- 
ity to flow from the dry cell, 
through the tube filament, 
through the wiring, and back 
again to the dry cell. In radio 
this is known as a filament cir- 
cuit. For the present, we will 
think of the tube simply as an 
electric-light bulb, the dry cell 
as a source of electricity, and 
the wires as a path over which 
the elect rieity travels. 

Metals are used in a radio circuit. What chemical elements do 
we find in this circuit? The wires that carry the current of elec- 
tricity are made of copper, and the tube filament is made of 
tungsten (sometimes called wolfram) or of a special metallic alloy. 



Fig. 11. This is the filament-heat ing 
circuit of a vacuum tube. Only the fila- 
ment is slum n in this tube. This circuit 
is the pathway for the electricity from 
the dry cell to the filament, or the 
heater, of the tube. The hot filament 
helps provide a supply of electrons for 
your experiments. 
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You will notice that the whole pathway, from the dry cell through 
the circuit and hack to the dry cell, is metal. The connecting 
wires are made of copper because electricity flows easily through 
it. We say that copper is a good conductor , or a good carrier of 
electricity. 

You also find that the tube prongs , or pins , and the tube socket 
have metal parts made of brass, an alloy of copper and zinc. You 
will find much copper, brass, and aluminum used in the different 
parts of radio circuits. 

Why are metals good conductors of electricity? Wien you 
examine the diagrams of the atoms of metals that arc good con- 
ductors of electricity, you find that they show few electrons in 
their outer layer. Silver, which is the best conductor of elec- 
tricity, has but one electron in its outei layer. The electrons in 
its layers are arranged in this order: 2-8-1 8-18-1. Copper, nearly 
as good a conductor as silver, has one planetary electron in its 
outer layer. Aluminum, which has three planetary electrons in 
its outer layer, is a fairly good conductor. 

Silver, copper, and aluminum, when compared to some other 
elements, are good conductors of electricity, because the electrons 
in the outer layer are easily shifted along from atom to atom when 
electrical force (roltagc) from a battery or generator is applied to 
the wire. 

Electricity is a continuous drift of electrons. If you could 
enormously magnify a piece of copper wire, you would see that 
it is composed of a myriad of copper atoms. Looking more closely, 
you would sec the planetary electrons in each atom whirling madly 
about their own nucleus. 

But when you touch the two wire ends of the circuit to the 
terminals of a dry cell, a different activity takes place. You now 
see the electrons driven away from the outer layer of their atoms 
into the space between the fixed atoms. These free electrons dart 
about at amazing speed in seemingly aimless paths. Watch the 
erratic travel of a single free electron. When it nears another free 
electron, it veers sharply away. Both electrons repel each other, 
because electrons are negative. A fundamental law of electricity 
states that similar charges repel each other while unlike charges 
attract each other. After wandering for a time, the free electron 
reattaches (re-attaches) itself to an atom that has become positive 
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by losing an electron from its outer orbit. (The positive atom 
attracts the electron, which is negative.) 

Then, glancing along the wire, you see that many free electrons 
have been released from their atoms and are darting about in the 
space between the atoms. You note that the electrons seem to be 
flowing along the wire in the same direction. This flow of free 
electrons along the wire in the space between the atoms is what 
we think of as a flow of electricity or a flow of electric current. 

When you touch the end of the two wires of the circuit to the 
terminals of the dry cell, the atoms throughout the circuit are 
affected almost instantly. The effect travels through the circuit 
with almost the speed of light (186, 000 miles per second). This 
does not mean that any one electron or group of electrons actually 
travels all the way around the circuit. The circuit behaves, how- 
ever, just as though a group of electrons did rush out of one cell 
terminal, through the circuit, and into the other dry cell terminal 
a fraction of a second later. 

If you were to watch an individual electron, you would sec 4 that 
it does not move very far before it is recaptured farther along tlu 4 
circuit by another atom from which an electron has escaped. 
Thus, each electron moves along, jostling or repelling the ones 
ahead of it and causing a general flow of electrons around the 4 
circuit. Since all electrons are exactly alike, it makes little differ- 
ence whether the ones you see coming out of the circuit are really 
the same ones that entered it a moment before. It is this 
fact that allows us to talk about the flow of electrons, or the 
flow of current, just as we talk about water flowing through a 
pipe, even though we know that electrons don’t actually flow like 
water. 

Electrical pressure causes the current to flow. The dry cell to 
which you attach the ends of the two wires of the circuit causes 
the flow of electrons. The dry cell acts like a pump, setting up 
the voltage, or force, that causes electrons to leave their atoms 
and flow along the wire. The direction of the electron flow can 
be changed by reversing the connections to the dry cell as shown 
in Pig. 12. The action of the chemicals on the zinc in the cell 
causes the electrons to flow along the circuit. One terminal of the 
dry cell is attached to the zinc shell, which encloses these chemicals. 
The chemical action causes free electrons to crowd onto the zinc. 
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The zinc terminal, with a surplus of free electrons, is said to be 
negatively charged , or negative . 

The other terminal, the central connection of the dry cell, is 
attached to a carbon rod. Free electrons are drawn from the 
carbon. The carbon atoms, as a result, have fewer planetary 
electrons, and the carbon is said to be positively charged , or positive . 

When you connected the ends of the circuit to the two dry-cell 
terminals, free electrons were forced from the negative terminal 
to the wire, and free electrons were drawn 
from the wire at the positive terminal. 

This set up an outward force on the elec- 
trons of the wire at the negative terminal 
and a pulling force on the electrons at the 
positive terminal. The difference of pres- 
sure between the ends of the wires of the 
circuit is often called a voltage difference. 

We generally say that a voltage is set up 
across the ends of the circuit. 

Voltage, the electrical force exerted by 
the dry cell, forces the free electrons to 
flow along the wire. If the voltage of the 
dry cell is great (or high), it will force 
many electrons off the atoms and a strong 
current will flow. If the voltage is weak (or low), few electrons are 
set free and a weak current will flow. You will learn later how to 
know accurately how much current will flow at different voltages. 

What are some sources of voltage? The familiar, large No. 6 
dry cell, the common flashlight cell, the tiny pen-light cell, the 
storage battery, the A battery, and the B battery used in portable 
radios all art* sources of electricity, or, more properly, are sources 
of electrical force and current. Electricity is also generated by 
rotary machines, such as the generator on your car, or the huge 
generators at the power stations in the mountains where water 
power is plentiful, or the steam-driven generators at the powerhouse 
in your city. 

Questions 

1. What is the difference between direct current and alternating current? 

2. Distinguish between the following terms: element, molecule, atom, electron, 
nucleus, proton. 



Fig. 12. You can change 
the direction of electron 
flow through a circuit by 
reversing the wires where 
they connect to the dry cell. 
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3. What is an electrical circuit ? 

4. This exercise will check your ability to estimate the conductivity of an 
element by means of the number of electrons in its outer layer. Look in a 
chemistry textbook to find tin* number of electrons in the outer layers of the 
atoms of the following elements: sulfur, iron, carbon, nitrogen, zinc, tungsten, 
lead, oxygen, phosphorus, and arsenic. Now decide whether each is a good, fair, 
or poor conductor. Next, cheek your decisions by looking up the conductivity 
of the elements in a conductivity table. 

5. When a current is flowing from a battery through a lamp, are any electrons 
likely to make a complete trip from the battery through the lamp and back to 
the battery again? 

PART 2: HOW VOLTAGE, CURRENT, AND RESISTANCE ARE MEASURED 

What words are used to describe electrical force? A radioman 
begins to change from a crude experimenter inlo an efficient work- 
man when he learns to measure electric currents and voltages in 
the different parts of the circuit he is handling. He can then 
substitute accurate knowledge for guesswork. 

You now have an idea of what electricity is. But in order to 
discuss it intelligently, you need to know the new words that 
describe accurately the voltage existing between the ends of the 
circuit, the quantity of free electrons that flow in each second 
as a result of this voltage, and the ease with which free electrons 
can move through the different metals of which the circuit wires 
are made. You need these words to describe and discuss the oper- 
ating conditions in the circuit. This information is essential to an 
accurate understanding of what goes on in the radio circuit. 

Consider electricity at rest and in motion. Electricity that 
collects on the surfaces of an automobile or truck is generated by 
the friction of the rubber tires on the road. The friction sepa- 
rates electrons from the atoms of the rubber and the road surface* 
and deposits them on the metal car or truck body. These col- 
lected electrons are known as static electricity. The word static 
means still. The many free electrons stored on a truck body may 
build up a considerable difference in voltage between the truck 
and ground. When the driver steps from the truck, the stored 
electrons on the truck body try to get back to the earth through 
the driver’s body and this may give him a noticeable shock. 

You may feel this effect when you drive your car up to the 
gatekeeper at a toll bridge. TTnless the metal frame of your car 
touches a wire set in the pavement to remove the accumulated 
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electrons, both you and the toll collector may receive a shock 
when you hand him a coin, as the electrons flow through you to 
the collector's hand and on to the earth. The moment the stored 
electrons rush from the metal of the car or truck to the earth, 
they become a current of dynamic electricity , or electrons in motion. 
In discussing radio circuits, we shall deal with both static elec- 
tricity and dynamic electricity. 

Voltage is the name for electrical pressure. As the driver 
stepped down from his truck, he probably remarked about the 
strength of the shock he received. On a cold, dry day this shock 
might be strong enough to "knock him flat." On another day he 
may hardly have felt the shock. Such expressions to describe the 
voltage resulting from the storage of electrons is useless for radio 
purposes. You can test the amount of voltage built up at various 
parts of the circuit by touching bare metal parts, but it usually is 
not practical or safe to do so. 

The word voltage is used to describe the force, or effect, which 
causes electrons to flow through the circuit. The voltage between 
the truck and the earth can be measured by using suitable instru- 
ments. The truck driver would have been more accurate if he had 
said that he received a shock of several thousand volts. You will 
learn how to use meters to measure voltages in a later chapter. 

What are volts, amperes, and ohms? You will need three 
words, or electrical terms, to describe the results of electrical 
measurements. The unit you use to measure voltage is called 
the volt. 

A flashlight cell produces a voltage of 1^- volts, a B battery a 
voltage of 45 volts. Many house lighting circuits operate at about 
115 volts. You can seldom feel a shock when the voltage is less 
than 50 or 75 volts. This is because your skin has a fairly high 
resistance. Moist skin will receive shocks at lower voltage than 
dry skin. 

Caution. Voltages from the 115-volt lighting circuit can cause 
dangerous shocks. Avoid touching the metal parts of such 
circuits. 

Current is the amount of electron flow in a given time. When 
you connected a circuit to the terminals of the dry cell, free elec- 
trons began flowing around the circuit. This is called a flow of 
current . How many electrons are flowing through the circuit? 
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How rapidly are they flowing? How many flow through the cir- 
cuit in 1 second? You can find the answers to these questions by 
using suitable tables or an instrument called an ammeter . 

The word eurrent is commonly used to refer to the quantity of 
electrons that are set free by the voltage in 1 second. A current 
of electrons flowed from the dry cell through the filament of the 
tube and the rheostat in the filament circuit. A current of elec- 
trons flowed from the truck to the earth through the driver’s body. 
In each case it was impractical to count the number of free elec- 
trons that made up this current. It is inaccurate to describe the 
strength of the shock by the driver’s reaction. Instead, you use 
an ammeter in which the magnetic effect caused by the flow of 
free electrons is made to move a meter hand. This instrument 
gives a sufficiently accurate estimate of the combined total effect 
of billions and billions of flowing electrons. Weal: eurrent is said 
to flow when relatively few free electrons flow through the wire 
each second; strong current is said to flow when many electrons 
flow through the wire in 1 second. 

The ampere is the unit of eurrent flow, or electron flow. It 
represents a flow of about (>.3 billion billion electrons in 1 second. 
A eurrent of about -J- ampere will light a 40-watt lamp of the 
familiar type we use in our homes. A 100-watt lamp requires 
almost 1 ampere. A 1000- watt electric toaster needs about So 
amperes (see Fig. 13). 

Resistance expresses the opposition to the flow of electrons. 
Would it be easier for the free electrons to reach the earth through 
the truck driver’s body or through a metal wire? You will prob- 
ably answer correctly that metal would conduct the electrons more 
easily. How can you describe this difference in the ease of con- 
ducting electrons? In electricity and radio, the word resistance 
is used to describe the ease of flow or the opposition to flow of free 
electrons through different electrical pathways, or conductors. 
You found that free electrons are able to flow easily through the 
metals silver, copper, and aluminum — all good conductors. Hut 
the flow moves with extreme difficulty through materials such as 
glass, porcelain, wood, Bakelite, etc. These substances are called 
insulators. 

What causes resistance? The atoms of some materials, such 
as carbon and iron, and the atoms of mixtures, or compounds, 
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such as glass, porcelain, and certain alloys, are so arranged that it 
is difficult to dislodge any free electrons when a voltage is applied 
to the material. Such materials are said to have high resistance . 
Itakelite, glass, steatite, and mica have very high resistance, so 
that little or no current flows through them at voltages ordinarily 
used in radio circuits. Copper, silver, and aluminum have low 
resistance and are widely used as conductors in radio circuits to 
carry the electron flow you know as electric current from one part 
of a radio set to another. 

g 9 


/ OOO watts 
Q. 7 amperes 


500 warts 
4.35 amperes 

Flu. IS. Note 4 the amount of current in amperes used hv these familiar electrical 
appliances. Few radio tubes or parts use even a small fraction of the current 
used by an ordinary light globe. 

The ohm is the unit of resistance. It was named in honor of the 
German scientist, G. S. Ohm, who lived from 17S7 to 1854. A 
No. 40 copper wire 1 foot long has a resistance of approximately 
1 ohm. This wire is as fine as a human hair. It is used in the 
coils of earphones, in choke coils, and in some audio transformers. 

Number 14 copper wire, used to wire houses, has a resistance of 
2.5 ohms per 1000 feet of length. One foot of wire has 0.0025 ohm 
resistance; No. 24 copper magnet wire has a resistance of 25.6 ohms 
per 1000 feet. The tungsten wire filament of a typical battery 
type of radio tube may have a resistance of about 20 ohms when 
hot. The filament of a 100-watt light has a resistance of 121 ohms, 
the 1000-watt lamp a resistance of 12.1 ohms. 

Resistance wires made of German silver, Nichrome, or Advance 
wire (trade names of resistance alloys) are used to control the flow 


40 watts 
3 /loo omperv 


10 O watts 
%o ampere 
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Small fixed resistors 


of current in different parts of the radio circuit. Resistance parts, 

made of a metal or wire, are 
often connected in a circuit. 
When you examine the wiring 
under the chassis of a radio set, 
you see many small round rod- 
shaped parts with colored mark- 
ings. These parts are fixed 
resistors made of pressed car- 
bon (see Fig. 14). The purpose 
of connecting a resistor in a cir- 
cuit is to reduce the flow of cur- 
rent to the desired amount in 
that part of the circuit. 
Resistance wire is sometimes wound on a form and equipped 
with a sliding contact, to be used as a volume control or as a 



A variable resistor 

Fig. 14. Above are shown several com- 
inon forms of fixed and variable resistors. 


LOW Resistance 


HIGH Resistance 


SIZE £ 

( diameter ) 


large 


small 


LENGTH 


short 



long 


MATERIAL 


copper 


TEMPERATURE* 


Tn/f 


cold 


hot 


Fig. 15. The resistance of a wire depends on a number of conditions. 
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rheostat. Resistors with sliding contacts are called variable « 
resistors. In some experiments, a rheostat is connected in the 
circuit of a tube to adjust the amount of current flowing through * 
the filament. 

Resistance of a wire depends on size, length, material, and 
temperature. The resistance of a wire depends upon its size fits 
diameter), its length, the material of which it is made, and its 
temperature (see Fig. 15). If you measure the resistance of several 
pieces of copper wire, you will find that the small-diameter wire 
has more resistance than a large wire of the sgifcne length. You 
will also find that a long wire has more resistance than a short 
wire of the same diameter. One hundred feet of No. 24 wire will 
have 10 times more resistance than will 10 feet of the same size wire. 
Also, a piece of iron wire will have more resistance than a copper 
or a silver wire of the same length and size. 

Ileat affects the resistance of a wire because it speeds up the 
vibrations of the atoms in the wire. The resistance increases as 
the wire gets hotter. However, the resistance of wires made of 
some alloys remains nearly the same as the wires get hotter, and 
the resistance of carbon and glass becomes less when they are 
heated. 

Questions 

1. What is the difference between static and dynami c electricity? Give 
several illustrations of each type. 

2. Define the terms volt , ampere , and ohm . See if you can find analogies for 
these terms when you consider water flowing through a pipe. 

3. The statement is made that the resistance of a wire depends upon its size, 
length, material, and temperature. Compare the flow of water through a pipe 
with the flow of electrons along a circuit. 

Technical Terms 

♦ampere -The unit used in measuring the quantity of electric current, 
atom The smallest division of an element of matter. The atom was once 
thought to be the smallest possible part of matter, but now it is known that 
the atom is made up of electrons, protons, and neutrons, 
charge A term used to indicate that an object lias too many or too few electrons. 
If too many, the object has a negative charge; if too few, it has a positive 
charge. 

chassis The metal pan, or base, on which are mounted the tubes, condensers, 
transformer, ami other parts of a radio receiving set. 

•circuit — A completed electrical pathway. 
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» conductor — A carrier of electricity — a substance which will permit electrons to 
flow through it. Wires and metals are, in general, good conductors. 

• current — A flow of electrons through a conductor. There are two types of 
electric current — alternating current and direct current. In alternating current, 
the electron flow changes direction at regular intervals. The alternating cur- 
rent in the home light and power wires changes direction 140 times per second; 
therefore, it is called a 00-cvcle alternating current. You may have a 50- or 
even a 45-cycle current supply in your community. In direct current, the 
flow of electrons is continuous and in one direction only, 
dynamic electricity — Moving or flowing electrons (see current and static electricity). 
electron — A unit negative particle of electricity. It is as heavy as a 

hydrogen atom. 

electron flow — Free electrons traveling aimlessly, darting about in the spaces 
between the atoms of a copper wire or other conductor. When a battery or 
generator is connected to the two ends of the conductor, the electrons arc 
forced to flow in one direction (see current). 
element— A substance which cannot be separated by ordinary chemical means 
into substances different from itself. Examples: copper, tin, iron, aluminum, 
silver. (Brass is an alloy of copper and zinc.) 

•insulator — A relatively poor conductor of electricity. Examples: glass, porcelain, 
wood. 

molecule — The smallest possible particle of an element or compound that can 
normally exist separately. A molecule of water is composed of one atom of 
oxygen and two atoms of hydrogen. 

motor generator — A motor-driven machine in which w ires wound on a rotor are 
whirled past stationary coils wound on iron cores. The stator (stationary) 
coils are energized by a current and become magnetized. This sets up a 
current in the rotor coils as they whirl through the magnetic fields of the 
stator magnets. You may say that the machine “generates” electricity. 
Actually, the energy of its whirling motor is converted into electrical energy, 
neutron — A unit neutral, or uncharged, particle in the nucleus of an atom, 
nucleus — The heavy central part of an atom, containing one or more protons 
and neutrons. 

•ohm — The unit used to measure electrical resistance. A No. It antenna wire 
1000 feet long has 4.5 ohms of resistance, 
planetary electrons — Electrons that move in orbits around tin* central nucleus 
of an atom. * 

proton — A unit positive electrical charge in the nucleus of an atom. 

•resistance — The opposition to the flow of electricity offered by a substance. 

Static electricity — Stationary (static) electrons collected on a surface 1 . If the 
electrons begin to (low, they become dynamic (current) electricity. 

•voltage, or electrical pressure - Known technically as potential difference expressed 
in volts. Voltage is defined as the amount of work per unit charge in moving 
the charge between two points in a conductor. 

This type of definition is quite technical for your present use. You will 
learn radio faster and understand the meaning of voltage better if temporarily. 
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wo use a more general term, such as electrical pressure , or simply pressure , while 
you are becoming acquainted with basic radio and electrical facts. 

You will learn electrical and radio theory faster when it is expressed in your 
own words than if it is explained in the advanced language of the electrical or 
the radio engineer. You will acquire these terms gradually, and you will 
build an understanding of them through study and experience with electrical 
and radio equipment. 

watt —The unit of power. It is found by multiplying volts times amperes. 



CHAPTER 4 


MAGNETISM AND DIRECT-CURRENT METERS 


As you study radio circuits, you find that they include parts, 
such as the filament of a vacuum tube or the wire in a rheostat, 
in which resistance Is a very important factor. In radio circuits 
you find many fixed resistors that are used to maintain definite 
values of current or voltage in different parts of the circuit. You 
also find coils and condensers that have resistance, which you will 
consider in later chapters. The resistance of these parts affects 
the current and voltage in a circuit. If the circuit is to operate 
efficiently, the voltages and currents must he accurately set. 

Meters give the radioman definite facts about the voltages and 
currents at the tubes and at other points in the circuits of his set. 
Direct-current (d-c) meters used in radio work are delicate instru- 
ments that look mysterious, but they are really very simple 
When you examine a burned-out meter without its protecting 
case, you see that its principal operating parts are a magnet ami 
a moving coil of wire. The operation of meters follows the laws of 
magnetism, which are easy to discover and to understand. 

You will learn the following things in this chapter: 

Part 1: How Meters Commonly Used in Radio Work Are Constructed 
Part 2: On What Principles Do Simple Magnets Work? 

Part 3: Why a Moving Coil Is Used 
Part 4: What Makes the Meter (’oil Turn? 

Part 5: How the Meter Measures the Current Flowing in a Circuit 
Part 6: How to Use the Milliammeter in a Radio Circuit 
Part 7: How a Meter Measures Voltage 
Part 8: How the Voltmeter Is Used in a Circuit 

Symbols are the shorthand of radio. As you read and use this 
book, you will look at many drawings and photographs of radio 
sets, of radio parts, and of radio circuits. You will spend con- 
siderable time drawing these circuits, because this is a good way 
to learn them. 
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You will soon find that you can use symbols that look like coils 
or condensers much more easily than you can draw pictures of 
them, unless you are an accomplished artist. 

As you read each chapter, you will find the symbols introduced 
in that chapter shown in a separate diagram, so that you will 
recognize them when you first meet them 
in your reading. The first group of sym- 
bols is shown in Fig. 16. 

PART 1: HOW METERS COMMONLY USED 
IN RADIO WORK ARE CONSTRUCTED 

Examine a standard meter. Examine 
a burned-out direct -current meter. This 
is a fine way to get acquainted with a 
meter and to learn to handle it without 
damaging its delicate moving parts. Since 
most meters of good quality use the 
IVArsonval principle of a permanent mag- 
net and a moving coil, you will begin your study with such a meter. 

First, examine the meter in its protective Bakelite or metal 
case. Note that one binding post mounted on it is marked + 
(or positive). Note the screw in the face for adjusting the meter 
hand to zero. 

Remove the case and examine the meter movement. The move- 
ment consists of a magnet and a moving coil. The magnet will 
attract steel, as you will find if you touch it with your knife or a 
screw driver. It is made of a special steel carefully selected and 
heat-treated so that the meter readings will remain the same as 
l he meter ages. 

Why is the solid inner core used? Since magnetism passes 
more readily through iron than through air, a small, cylindrical 
iron core is fastened in the space between the curved ends of the 
poles (see Fig. 17). A narrow space is left between the core and 
the poles for movement of the coil. 

What is the meter coil? A tiny coil, wound on a light metal 
form, swings back and forth in the space between the curved ends 
of the magnet and the round iron core. Examine it closely, and 
you will see the turns of wire with which it is wound (see Fig. 18), 

Very fine wire is used so that the tiny coil can consist of many 


Voltmeter 

© 

Mlttiammeter 

© 

Ammeter 

© 

Fig. 1(>. Symljols used in 
this chapter. 
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turns. The space between the core ends and the round inner core 
can then be very small, and the meter will be sensitive to weak 
currents. 

Two tiny pointed pivots are cemented to the coil. The hardened 
ends of the pivots rest in glass jewels or sapphire bearings so that 
the coil will swing freely with a minimum of friction. Two tiny 
spiral springs fastened to the pivot pins keep the coil in the zero 



Fig. 17. This diagram shows the solid, round, inner core in place inside of th» 
meter coil. 



position when no current is flowing through it. If you trace the 
path of the circuit through the meter, you will find that it comes 
into the meter at one binding post and passes through one spiral 
spring, through the coil, and out through the other spiral spring 
to another binding post. 

What is the meter hand? The meter hand is a tiny aluminum 
tube attached to the moving coil. It is balanced by a tiny weight 
placed on a short extension of the hand, on the opposite side of 
the bearing from the pointer. 

Now learn how a meter works. Since its operation depends on 
the action of magnetic fields, you will learn first about magnets and 
magnetic fields. 



MAGNETISM AND DIRECT -CURRENT METERS 


58 


PART 2: ON WHAT PRINCIPLES DO SIMPLE MAGNETS WORK? 

What are magnets? Two kinds of magnets are used in radio 
permanent and temporary. A temporary magnet holds its mag- 
netism for only a short time. You will learn more about this 
kind of magnet when you study transformers, choke coils, and 
generators. 

Permanent magnets retain their magnetism for long periods of 
time. They are used in meters, in some kinds of generators, and 
in some loudspeakers. But what makes one a permanent and one 
a temporary magnet? 



The molecules in on unmagnetized 
bar are in random positions . 



The molecules in the same bar are all 
hned up when the bar /s magnetized \ 

Fig. ID. This shows the difference in the arrangement of the molecules in a bar 
of iron before and after l>eiiig magnetized. 

What is the difference between permanent and temporary 
magnets? Only certain metals can be magnetized. These metals 
generally contain iron. They are called ferrous or ironlike metals. 
You cannot pick up brass, copper, aluminum, or other nonferrous 
(non-ferrous) metals with a magnet. Such metals are nonmagnetic 
(non-magnetic). 

An unmagnetized bar of iron is made up of a myriad of molecules 
in random positions. Each molecule is actually a tiny magnet, 
with a north-seeking pole and a south-seeking pole. But because 
the molecules are in random positions in the bar, the bar itself is 
not magnetized. Strangely enough, when the iron bar is mag- 
netized, the molecules are all aligned in the same direction to pro- 
duce a north-seeking (or north) magnetic pole at one end of the 
bar and a south-seeking (or south) magnetic pole at the other end 
(see Pig. 19). 
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If the bar is of hard steel, the molecules are permanently lined 
lip when it is magnetized and the bar is called a permanent magnet . 
But if soft steel or soft iron, such as a tack or a brad, is magnetized, 
most of the molecules return to their original position when the 
magnetizing force is removed. The steel then is called a temporary 
magnet. 

You can tell when a bar is magnetized, because it will pick up, 
or attract, pieces of iron. You can use a magnet to sort iron and 
brass machine screws and nuts such as those used in building a 
radio set. It will pick up the iron pieces and leave the brass ones 
undisturbed. Steel screw drivers become magnetized after touch- 
ing a magnet. 

In radio work you must know something about the force we call 
magnetism so that you can use magnets intelligently in radio 
equipment. First, you will study the magnetic force around a 
bar magnet. 

What is a field of force? Wc believe that magnetic force is 
transferred from molecule to molecule through the length of the 
steel bar. But, outside of the bar, the force spreads outward from 

the ends of the bar in a definite 
pattern, or field of force. 

You can study the shape of the 
field by using a small compass. 
Move it to a point near the mag- 
net, and you can watch the needle 
swing until it points along the direc- 
tion of the force around the mag- 
net. A way to see the pattern 
more clearly is to scatter soft iron 
filings on a piece of paper and hold 
it over the magnet, as shown in Fig. 20. When you jar the edge 
of the paper, the filings arrange themselves in groups that form 
lines from one end of the bar to the other. These trace out the 
pattern of the field of magnetic force around the bar. 

The paths of the magnetic force from one magnet pole to the 
other are called lines of force. The force exists more or less uni- 
formly all around the bar, but the iron filings cling together to 
form lines which show the direction of these lines of force between 
the two poles. 



Fig. 20. Scatter iron filings over a 
piece of paper held over a bar 
magnet or use a compass as shown 
to see the shape of the field of the 
magnet. 



MAGNETISM AND DIRECT-CURRENT METERS 


55 


How can you show that the magnet has north and south poles? 

The ends of a bar magnet are called poles . Hang the bar by a 
thread tied at its center; the bar will swing so that the ends point 
north and south. The end that points north is the north-seeking 
(or north) pole, and the other end the south-seeking (or south) pole. 

How does the strength of a magnetic field vary with distance 
from the magnet? Hold the magnet near a pile of tiny steel brads 
or tacks. You find that the magnet lifts many brads when it is 
close to them, but when it is held farther away, they are unaffected. 
Precise experiments prove that 
the force is strong near the mag- 
net but weakens rapidly as 
the distance from the magnet 
becomes greater. 

Examine the magnetic field of 
a horseshoe magnet. The me- 
ter coil must move in a strong 
magnetic field. A magnetic field 
can be obtained by forming the 
iron bar magnet into a horseshoe, 
or a round loop with a small space 
between the ends. The field will 
then be very strong between the 
pole ends. 

You can examine the pattern 
of the magnetic field of force between the poles of the horseshoe 
magnet by the same methods you used with the bar magnet. 
Sprinkle iron filings on a piece of paper placed over the magnet. 
Tap the edge of the paper lightly so that the filings will be distri- 
buted evenly. Note that the magnetic force is most intense 
between the poles and that the force spreads out between the ends 
of the magnet (see Fig. 21). 

You can make a permanent diagram of this magnetic field by 
placing a piece of blueprint or any other light-sensitive paper over 
the magnet. After the filings are in position, expose the paper to 
full sunlight for 30 seconds to 1 minute. When the paper is 
developed, it will show a beautiful, permanent silhouette of the 
filings representing the shape of the magnetic field. 

Hold a small compass near each end of the magnet to find its 
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Fig. 21. Scatter iron filings on the 
paper to see the shape of the field of the 
horseshoe magnet. 
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north and south poles. The north pole of the magnet will attract 
the south-seeking pole of the compass (see Fig. 22). 

Draw arrows on the lines of force on your diagram. Mark the 
north and south poles. You will use this information later. 

For convenience, we assume that the magnetic lines of force 
leave the north pole and go to the south pole 
of a magnet. 

Rule . The magnetic lines of force leave a 
magnet at its north-seeking pole and reenter 
{re-enter) the south-seeking pole. 

Examine the magnet in a meter. Examine 
the permanent magnets in several meters. 
In some meters, the magnet is shaped like a 
horseshoe with attached pole pieces, while 
in others it may be shaped as an open-ended 
circle. A circular space is cut in the ends 
of the poles to leave space for the tiny mov- 
able coil. The ends of the poles are close 
together. 

Why do the ends of the magnet in a meter 
have little space between them? The mag- 
netic field between the poles must be very 
strong if the meter is to be sensitive enough 
to measure weak currents. The coil of a meter for radio use must 
move when a very small amount of current flows through it. The 
meter must use only a small amount of the current which flows in 
the part of the radio circuit you are studying. A meter that needs 
much current will sometimes give worthless indications and may 
throw off the operation of the circuit. 

The field will be strong if the space between the ends of the 
poles and the central core is made very small. The magnetism 
then has a narrow air space to cross, and so the field in this space 
will be intensely strong. 

How can the field between meter poles be made uniform and 
strong? You can examine the shape of the field between the 
poles from a burned-out meter by sprinkling iron filings on a 
paper placed over the magnet. This field can be examined more 
easily, however, if you make an enlarged model of the meter 
magnet and the central core piece. For this, use a horseshoe 



Fig. 22. Which is the 
north pole and which is 
the south pole ? Hold a 
compass near each pole 
and you can decide its 
polarity by the way the 
compass needle points. 
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magnet and two pieces of steel cut from an old set chassis shaped 
like pole pieces. Sprinkle iron filings over the model, and observe 
that they group themselves unevenly between the ends of the pole 
pieces. The filings show the magnetic field to be strongest where 
the pole ends are close together. There are few filings in the 
center where the poles are far apart. Here the magnetism is weak 
because air is a poor pathway for the magnetic field. The field is 
weakest where the distance between the poles is greatest. 

Such an uneven field is poor for use in a meter, because the 
calibrating marks of the scale on the meter face would have to be 
unevenly spaced. This makes the meter hard to read. 

If we make the magnetic field uniform, the marks on the scale 
will be the same distance apart. The field will be uniform if the 
air space between the ends of the poles is made the same. In an 
actual meter, this is accomplished by placing a round piece of iron 
in the space between the pole ends to form a pathway for the 
magnetism (see Fig. 17). 

Now again examine with iron filings the magnetic field of your 
model meter, this time using a round, flat piece of steel between 
the poles. When you tap the paper, the iron filings distribute 
themselves evenly in the space left between the curved ends of 
the poles and the inner core. This shows that the field of force 
between the pole pieces is uniform and stronger. The calibrating 
marks on the meter scale can now be evenly spaced. 

Questions 

1. Is the needle of a compass a permanent or a temporary magnet? 

2. Which will lift more, a horseshoe magnet or one end of a bar magnet? 

PART 3: WHY A MOVING COIL IS USED 

Before you can understand why the tiny coil, mounted on 
pivots, will turn in the space between the curved ends of the 
magnet and the round inner core, you must learn how a magnetic 
field is formed around the coil when a current of electricity" flows 
through it. You must also learn how this field is used in the 
meter to measure electrical current. First you will study how the 
field is formed around the wire and around a coil; then you will 
learn how this field makes the coil turn. 

Examine the magnetic field around a wire. Think of an elec- 
tric current as the flow of free electrons through the wire. When 
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these electrons move, they set up around the wire a field of force 
similar to the field around a magnet. You can study such a field 
of force by passing the current from a storage battery through a 
short piece of insulated wire and using iron filings to show the field 
pattern. When electricity flows through the wire, a weak mag- 
netic field is set up around the wire. To examine the field, pass 
the wire through a piece of cardboard as shown in Fig. 23; then 
sprinkle iron filings on the cardboard around the wire. Tap the 



Fig. 23. When electricity flows through the wire it sets up a magnetic field 
around the wire. You can study the direction of the lines of force witli small 
compasses. 

cardboard until the filings form a pattern. Work quickly because 
the wire will heat rapidly. (You can also study the field by using 
small compasses.) 

You can get a stronger effect if you wrap this wire into a coil of 
several turns, as you will see later. 

What is the direction of electron and current flow? Sooner or 
later as you progress in your study of radio, you will find that 
many people will speak of current flowing in the opposite direction 
to that of electrons. This is because of a curious accident. 
Benjamin Franklin believed that electricity flowed from a place 
where there was a surplus of electricity to a place where there 
was too little, but he thought electricity was made up of positive 
electric particles instead of negative electrons. He explained the 
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current as flowing in the direction opposite to electron flow. If 
he had known as much about it then as we do now, he would have 
saved us much trouble. Most people who studied physics before 
the Second World War and most texts written before this war 
described current flow as Franklin did. In this book we have 
adopted the modern viewpoint and speak only in terms of electron 
flow. 

How is the left-hand rule used? The left-hand rule is handy 
to use to find the direction of the lines of force around a wire 



Fiu. 24. Tlio left-hand rule. Grasp the wire in the left hand. The thumb must 
point in the direction of electron flow. The fingers then point in the direction of 
the lines of force. 

when you know the direction of electron flow. It shows the 
direction the compass needle will point when held near the wire. 

Rule. If you grasp the wire in your left hand with your fingers 
around the wire and your thumb pointing in the direction of the 
electron flow, your fingers will point in the direction in which the 
north end of the compass needle will point when brought near the wire. 
Try this. Prove the rule by holding a compass near the wire, as 
shown in Fig. 24. 

This rule can be used to find the direction of the electron flow 
when you know the direction of the lines of force. The wire is 
grasped in the same way, with the fingers of the left hand around 
the wire, pointing in the direction of the lines of force. The 
thumb will then point in the direction of the electron flow. 

A coil carrying current has a strong magnetic field. Wrap 50 
turns of No. 28 insulated wire into a well-bunched coil about 
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i z inch inside diameter (see Fig. 25). Touch the ends of the wire 
to the terminals of a storage battery. Show how strong the mag- 
netic field of the coil is by using it to pick up brads or iron filings. 
This coil, made into a magnet by a current flowing through it, is 


Co I /--N 



Fig. 25. A small 50-turn coil will pick up iron filings or small brads when the 
ends of the wires are touched to the terminals of the storage battery. Current 
flowing through the coil makes it an electromagnet. 



Fig. 20. This enlarged view of seyeral loops or turns of the coil shown in Fig. 25 
shows a section of the lines of force around each turn. Note how the magnetic 
force blends together around the turns. 


called an electromagnet (electro-magnet). But why does a coil of 
wire have more magnetic strength than the same wire laid out 
straight? 

In Fig. 26 are pictured in enlarged form several loops of the coil 
you just made. Note that the magnetic field of each loop inside 
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of the coil adds to the field from the next loop. This makes a 
strong field inside the coil. 

One end of the coil is a north pole and the other a south pole. 

A compass held at each end of the coil shows that one end is a 
north pole and the other a south pole. You can also find these 
poles by using a slightly different version of the left-hand rule. 

When you study magnetic coils, you are interested in the direc- 
tion of electron flow and the resulting magnetic force, because they 
determine the north and south poles of the coil. Use the alterna- 
tive form of left-hand rule. 

Rule. Place the fingers arovnd the coil , 'pointing in the direction 
of electron flow through the wire; your thumb will point to the north 
pole of the coil. 

How can the strength of an electromagnet be increased? There 
are two easy ways to increase the magnetic strength of the coil. 
One way is to form the same wire into a small coil of many turns. 
The strength of the coil’s magnetic field is equal to the sum of the 
strengths of the magnetic fields around each turn of the wire. 
The other way is to make a stronger current flow through the coil 
(sec rules below). A coil through which a current flows has 
around and through it a magnetic field of force and acts like a 
bar magnet. 

Now you will learn something about the factors that govern the 
magnetic strength of a coil. Do the following experiments: 

Experiment 1 . Wind about 10 turns of No. 28 insulated wire 
around a pencil, to form a small, compact coil. Remove the 
pencil and attach the ends of the wire to the storage battery, and 
see how many iron filings or how many wire brads the coil will 
pick up. Now wind a second coil of 50 turns of the same size of 
wire around the same pencil. The new coil, having more turns, 
will pick up many more wire brads or iron filings (see Fig. 27). 

Experiment 2. Attach a 30-ohm rheostat in one wire of the 
50-turn coil. Turn the rheostat to reduce the current flowing 
through the coil. You will now find that the coil picks up few 
brads or iron filings. Increase the current, and the coil will pick 
up many more brads or filings. This proves that the strength of 
the electromagnet also depends upon the amount of current flow- 
ing through the coil. You now have two rules for the strength of 
electromagnet s. 
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Rule 1. The strength of an electromagnet depends upon the num- 
ber of turns in the coil, and 

Rule 2. Its strength depends upon the amount of current flowing 
through the coil. 

These two rules are often combined by engineers in a different 
form. They say that the strength of the electromagnet depends 
on its ampere-turns, or the strength of the current in amperes 
multiplied by the number of turns on the coil. 

Both of these facts are used when a meter is designed, and the 
meter depends upon them for its operation. 


50 - turn coi 7 - ^ 



Fig. 27. Which coil will pick up more iron filings? Does the coil with few turns 
or does the coil with many turns have the greater magnetic effect ? 

How is the meter coil designed? The moving coil of a sensitive 
meter must be very light in weight; a heavy coil would be sluggish 
and slow to move. Therefore, the coil of a meter is wound on a 
very light metal form. 

Small wire is used on the coil for two reasons: (1) because the 
coil must be small so that the air space between the magnets may 
be small, and (2) because the coil must have many turns in order 
to get a strong magnetic field. For a meter to be sensitive, a very 
small amount of current must produce the strongest possible field 
around the coil. From Rule 1 you find that many turns will give 
you a strong magnetic field. 

Questions 

1. What is the shape of the magnetic field around a straight wire which is 
carrying a current of electricity? 

2. Why does a coil have a stronger magnetic field than a straight wire? 
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3. When you hold a compass over a wire carrying a direct current, if the north 
pole points away from you, is the electron flow toward your right or toward 
your left ? 

4. What two factors determine the strength of an electromagnet? 

6. Two amperes are flowing through a long wire which is loosely coiled into 
50 turns. If you recoiled this wire into 100 turns, how would the magnetic 
strength be affected? What would be the ampere-turns in each case? 

PART 4: WHAT MAKES THE METER COIL TURN? 

Like poles repel, and unlike poles attract. As you continue to 
study magnets, you learn many interesting new facts about them. 
You find that magnetism has much to do with radio instruments 
and with radio circuits. Suppose you examine in more detail the 
action of magnets employed in meters. 

Experiment 1. Hang two horseshoe magnets by a string. 
Bring their north poles and then their south poles toward each 
other. Just as in your experiment with the horseshoe magnet 
and compasses, you find that the north 
poles repel each other and that the south 
poles repel each other. Now bring a 
north and a south pole toward each 
other. You find that they attract and 
come together (see Fig. 28). 

Rnle. Like poles repel and unlike poles 
attract. 

The magnets will swing until unlike 
poles are together. The meter you arc 
studying is simply an application of this 
principle of the attraction or repulsion 
of the poles of two magnets — one, the 
permanent magnet that is stationary, 
and the other, the coil electromagnet that is pivoted so it can turn. 
The north and south poles of the permanent magnet act on the 
poles of the coil electromagnet, which is placed in the space between 
the ends of the permanent magnet poles. 

Experiment 2 . Lay a horseshoe magnet on the table. Think 
of this as the permanent magnet in the meter. Hang a second 
permanent magnet by a thread above the first in the position 
shown in Fig. 29; this second magnet takes the place of the moving 
coil magnet in a meter. When the two magnets are brought 



Fig. 28 . This experiment 
shows that unlike poles attract . 
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together, the moving magnet will turn so that the unlike poles are 
together. The like poles repel and the unlike poles attract, which 
causes the hanging magnet to turn. But how does this apply to a 
meter? 

An electromagnetic coil will turn in a magnetic field. You can 
see how a coil and a magnet form a meter by doing this interesting 

experiment. 

Experiment 3. Wind 50 turns 
of No. 28 insulated wire around 
your hand. Form the wire into 
acoil as shown inFig. 80. Leave 
about 2 feet of loose wire on each 
end of the coil. 

Step 1. Hold the loose wires 
so the coil hangs between the 
poles of a horseshoe magnet laid 
on the edge of the table as shown 
in Fig. 30. 

Step 2. Now, have another 
student touch the ends of the 
wires to the terminals of a 
battery. When current flows 
through the wire, the coil rotates. 

Step 3. Next, have the other 
student touch the ends of the 
wires to opposite terminals of the battery, so that the direction of 
current flowing through the coil is reversed. The coil then turns 
in the opposite direction. 

Why it works. You saw that when a current flows into the 
meter, it passes through the coil, making it into an electromagnet. 
The coil then has a north and a south pole just as the permanent 
magnet has. Since the coil is free to move, it turns so that similar 
poles repel and opposite poles attract. The north pole moves 
toward the south pole, for example. 

In the meter, the coil is mounted on glass or sapphire jewels, 
or bearings, so that it will turn easily. The two spiral coil springs 
oppose its rotation and return it to the zero position. In the next 
section of this chapter you will see how the turning effect of the 
coil, acting against the springs, can be used to measure current. 



Fig. 29. The upper magnet turns or 
rotates for the same reason that the coil 
in a meter turns or rotates. 
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Fkj. 30. Here the* coil replaces the upper magnet in the experiment shown in 
Fig. 20. Tom’ll the ends of the wires to a battery and watch the coil twist and 
rotate just as the coil in a meter will twist and rotate when a current is passed 
through it. 

PART 6: HOW THE METER MEASURES THE CURRENT 
FLOWING IN A CIRCUIT 

Examine a milliammeter. Because the direct-current milli- 
ainmeter is simple to describe, we shall select it to explain how 
the coil moving between the ends of a permanent magnet can be 
used to measure the amount of current flowing in a circuit. A 
milliammeter is a meter designed to measure very weak currents. 
A milliam pere is to\> () of an ampere. (Milliampere is abbreviated as 
ma.) A meter for measuring stronger currents is called an ammeter. 

Examine the meter diagramed in Fig. 31. Trace the current 
as it flows through the meter. Notice that the electron flow 
travels from the negative binding post, through the moving coil, 
and out through the positive binding post. But what happens 
when electricity flows through this meter? 

Why it works. As the electron flow moves through the wires 
of the meter coil, it makes the coil into an electromagnet. The 
coil is held at an angle in the space between the poles of the perma- 
nent magnet by the coiled hairsprings (see Fig. 32). 
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Fig. 31. This is an ammeter connection. When you want to measure heavier 
currents than the meter will carry, you attach a shunt across the inilliammeter 
as shown here. The size of the shunt is selected so that it carries most of the 
current and the coil carries only its usual amount. 



I^IG. 32. The poles of the meter coil are attracted to the opposite poles of the 
permanent magnet when current flows. This causes the coil to turn or to rotate 
against the opposing force of the springs. 


The magnetic fields of the coil and of the permanent magnet 
turn the coil. This happens because the like poles of the two 
magnets repel and the unlike poles attract each other. The poles 
of the magnetized coil arc forced toward the corresponding opposite 
poles of the permanent magnet. 
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How far will the coil turn? You learned earlier in this chapter 
that the strength of an electromagnet depends on the strength of 
the current that flows through the coil. Suppose a small quan- 
tity of current causes the coil to turn against the hair spring 
enough to move the pointer halfway across the dial. Twice this 
amount of current will make the coil twice as strong a magnet 
and, therefore, will cause it to turn enough to move the pointer 
all the way across the dial, or twice as far. 

PART 6: HOW TO USE THE MILLIAMMETER IN A RADIO CIRCUIT 

Measure the plate current flowing through a tube. A milli- 
ammeter measures currents of a few thousandths of an ampere 



Fig. 33. Connect a milliammeter in the plate circuit as shown here. When 
connected in this way the meter measures the amount of current flowing through 
the tube from the filament to the plate. 

that flow in some parts of radio circuits. You can get acquainted 
with this meter by making measurements of the current flowing in 
the plate circuit of a triode vacuum tube. 

Experiment . Measure the plate current flowing through a tube. 

Step 1. See Chapter 6 in order to find out how to construct 
and wire the circuit board shown in Fig. 33. Connect a 0 to 5 
direct-current milliammeter to the circuit board as follows: Con- 
nect only one wire to the meter. Leave the other wire loose, so 
that it can be touched to the meter binding post to see if the 
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meter is correctly connected. If the meter needle moves in the 
wrong direction, reverse the connections to the meter. 

Step 2 . Turn on the filament, connect the loose wire, and cur- 
rent will flow through the meter. All the current that flows 
through the plate circuit of the tube also flows through the meter. 

How can stronger currents be measured? If you want this 
meter to measure larger values of current, you divert some of the 
current through a copper wire called a shunt , connected as shown 
in Fig. 31, so as to allow only a small amount of current to flow 

through the meter coil. The 
amount of current that flows 
through the coil and through 
the shunt is determined by the 
relative resistances of the coil 
and the shunt. 

If you want a 0 to 1 milliam- 
pere meter to measure 0 to 10 
milliamperes of current, you 
select a shunt that will carry 
9 milliamperes of current and 
leave 1 milliampere for the 1 coil. 
Then, when 10 milliamperes of 
current flow in this circuit, the 
meter reads 1 milliampere, or 
full scale. 

When 5 milliamperes flow in 
the circuit, only \\ milliam- 
peres flow through the shunt and \ milliampere through the coil. 
The meter reads half scale, or 5 milliamperes. 

How can the filament current be measured? When you wish 
to measure the filament-heating current that flows from the A bat- 
tery, you connect a meter in the filament circuit (see Fig. 34). 

The kind of tube you place in the circuit in your experiment 
determines the range of the meter that you must use. 

Look up in a tube manual, which you can obtain from a radio 
dealer, the value of the filament current for this tube. If you are 
using a 1LE3, the current will be 0.050 ampere. This is } fi [J u 
ampere, or 50 milliamperes, so the meter you select will probably 
be a 0 to 100 direct-current milliam meter. 



Fig. 3i. Filament circuit of a tube. 
I T sc this circuit and its connections 
to measure current flowing through 
filament. 



MAGNETISM AND DIRECT-CURRENT METERS 


69 


Rule. Whenever possible , use a meter with a range that allows the 
reading to come near the middle of the scale. 

Questions 

1. How many milliamperes of current flow through the filament of the lLEfl 
tube? (Find the filament current for the 1LE3 tube in the Condensed Data 
Section, pages (>70-093.) 

2. How many milliamperes would flow if a type-, SO tube were used? 

3. What range of milliammctcr would be used in the plate circuit of a 1LE3 
tube with 45 volts on the plate? 

4. What range of inilliammeter would be used in the plate circuit of a 1LE3 
tube with 90 \olts on the plate? 

PART 7: HOW A METER MEASURES VOLTAGE 

What is voltage? Voltage is the word used to describe the 
electric force that causes free electrons to flow through a wire or 
other conductor. You measure voltage between two parts of a 
circuit. For example, you measure the voltage across the termi- 
nals of a filament or the voltage between the filament and the 
plate of a tube. This voltage is referred to as the collage difference 
or voltage drop between the terminals of a filament or between the 
filament and the plate of the tube. It is this difference in voltage, 
or voltage drop, that you measure with a voltmeter. 

How can a meter be used to measure voltage? You can use 
the same meter movement, the permanent magnet, and the mov- 
ing coil unit of the inilliammeter to measure voltage if you change 
the internal connections of the meter. You now connect a resistor 
in series with the meter coil as shown in Fig. 35. 

The value of this resistor is selected so that it permits only 
enough current to flow through the coil to make the meter hand 
move across the scale. For a 0 to 1 voltmeter, 1 volt will force 
enough current through the meter coil to move the meter hand 
all the way across the scale. In the next chapter, “Ohm’s Law 
by Simple Mathematics and by Meters,” you will learn more 
about the way that voltage and current work together. 

When electrons flow through the coil, they make it an electro- 
magnet and cause it to turn, as was explained when the inilli- 
amineter was discussed. 

If a certain voltage forces an amount of current to flow through 
the coil and makes it move the hand halfway across the scale, 
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twice the voltage will force twice as much current through the 
resistor and coil and so move the hand to full scale (see Chapter 5 
for an explanation). 



Fig. 3.5. This is a voltmeter connection. When a resistor is connected to the 
milliammeter as shown here the meter can be used to measure voltages. 

PART 8: HOW THE VOLTMETER IS USED IN A CIRCUIT 

How to measure voltages in the filament circuit. You can 

learn to use the voltmeter by taking some voltage readings on 
the filament circuit of the tube that you will use many times in 
later experiments. In the circuit shown in Fig. there are three 
important parts: the filament of the tube, the wiring, and the 
battery for heating the filament. Disregard the resistance of the 
connecting wires. 

Experiment . Measure the battery voltage by using a direct- 
current voltmeter with a 0- to 5- volt scale (see Fig. tt(>). 

Step 1 . Attach the test-point wires to the meter. Touch the 
test points to the battery terminals at A and B. 

The meter will read the difference in voltage between the two 
terminals of the battery. (It should be volts.) 

Rule. Connect the voltmeter across the part of the circuit in which 
the voltage is to be measured . 

Step 2. Now touch the test points to the tube base pins at 
C and D , to which the filament is attached. The meter measures a 
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difference of voltage across the filament. This voltage drop in the 
filament is caused by l he loss of electrical energy that is changed to 
heat in the filament. 

Step d. Measure the difference in voltage* across the filament of 
the second tube at E and F. 

Why It Works. The circuit in Fig. 3(> has three places to meas- 
ure voltage: across the battery, at A and B , and across each of the 
filaments. Examine first the source 
of electrical energy, the battery. 

The chemicals in the battery, acting 
on the zinc, cause free electrons to 
collect on the negative side of the 
battery and to draw electrons from 
the positive side. 

The force exerted by the electrons 
at the negative battery terminal 
causes free electrons to flow through 
the wires to the filaments and back 
to the battery. The lack of elec- 
trons at the positive terminal pulls 
electrons from the circuit. Some 
voltage is lost in forcing the elec- 
trons through the resistance of the 
wires and the filaments. This loss 
of voltage is the voltage drop. 

When you touch the test points 
to the battery terminals, the resistor 
in the voltmeter circuit allows only 
a weak current to flow through 
the meter coil. It shows there a voltage of li volts between the 
negative and positive terminals. 

The fine tungsten-wire filament has a high resistance. The 
meter shows that there is a drop in voltage of about volts across 
the filament. The electrical energy delivered by the battery is 
changed to heat in the tube filament. 

How are higher voltages measured? You can use your 0- to 
5-volt voltmeter to measure up to 50 volts by using a resistor 
, having a higher resistance value. The resistance must be high 



Fig. 8 (». Voltage measurements. 
Connect test points to a voltmeter 
and touch the points to the lettered 
parts of the circuit to measure t lie 
voltages between these places ill 
the circuit. 
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enough so that at 50 volts only enough current will flow through 
the coil to give full-scale deflect ion. 

Questions 

1. Draw a circuit diagram which shows 1iow t to make a milliammeler read 
either in volts or amperes. 

2. Tell what is meant by voltage drop. 

3. Why is it important to select a meter with such a range that the readings 
will usually come near the middle of the seale? 

Technical Terms 

ammeter — A meter used to measure the flow* of current. Since the unit of 
electric current is the ampere, the meter is called an ammeter, 
audio amplifier — A tube circuit used to amplify the audio-frequenev output of 
the detector circuit. 

bar magnet— A bar of steel that has been magnetized. 

calibrate — To mark points on a meter seale in order that the pointer hand may 
correctly indicate the voltage, or units of current flowing. An ammeter is 
calibrated by connecting another previously calibrated ammeter to it, then 
adjusting the current so the pointer hand of the calibrated meter points in turn 
to each mark of its scale. The calibrating marks can then be made on the 
new 7 meter. 

D’Arsanval type of meter — A meter that has a permanent magnet and a moving 
coil. 

dielectric — The insulating material placed between the plates of condensers, 
direct-current meters — Voltmeters or milliammeters that measure direct voltage 
or direct current. 

electromagnet — A coil of wire that acts as a magnet when a current flows through 
it. The coil is called an electromagnet to distinguish it from a permanent bar 
or horseshoe magnet. 

galvanometer- -A sensitive instrument that indicates a flow 7 of current, 
left-hand rule — A handy method of quickly finding either the direction of elec- 
tron flow or the direction of the lines of force around a wire carrying a current, 
lines of force — Hypothetical lines of magnetism used in studying and explaining 
the magnetic field. 

magnetic field — The space in which the magnetic effect can be noticed, 
magnetic poles — The ends of a bar or horseshoe magnet. A pattern of iron 
filings shows that the magnetism is strongest at these points. One pole is 
called north (N) or north-seeking and one south (S) or south-seeking, because 
when the magnet is hung by a string or a thread, one pole turns toward the 
north and the other toward the south. 

magnetism — A force set up around a wire carrying a current. Also the force 
that exists at the poles, or ends, of a magnetized piece of iron, 
milliammeter — A current-measuring meter calibrated to read and measure 
milliamperes. 
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xnilliampere — A unit of measurement, -yuVo ampere. Currents in the radio 
circuits you will study are measured in milliamperes (abbreviated ma). 

permanent magnet — A magnet often made of hardened steel which holds its 
magnetism for long periods. 

pivot bearing — A glass or jewel bearing for the metal pins that support the coil 
in a meter. 

poles — The ends of a magnet. 

resistance- -The opposition of a wire or a conductor to the flow T of an electron 
surge. 

resistor— A short, compressed carbon rod or high-resistance wire wound on an 
insulating tube, used to limit or control the amount of current that flows in 
the circuit in which it is connected. 

series— Bat ter ies so arranged that the positive pole of one cell is connected 
to the negative pole of the next. 

series connection — A circuit in which the electricity follows a single path. 

shunt Batteries so arranged that all positive poles are connected together and 
all negative poles are connected together. A shunt is also a wire or bar con- 
nected across an ammeter or a m ill iem meter so that the meter w ill measure 
higher currents. 

shunt connection, or parallel circuit - A circuit in which the electricity follows 
two or more paths. 

solenoid A hollow' coil of wire which forms an electromagnet. A soft iron 
plunger moves inside the coil. 

step-down transformer — A transformer used to reduce, or step down, the voltage 
of a source of current. Boll transformers and toy-train transformers are used 
for reducing the voltage of house lighting circuits from 1 to 50 volts. 

temporary magnet — A magnet, made with a soft iron core, that retains little or 
no magnetism. A coil is a temporary magnet because it is magnetic only 
while current is flowing through it. 

terminals— Devices attached to the ends of wires or cables or to sets for con- 
venience in making wiring connections. Battery terminals are also called 
bind i tig posts. Spring clips are sometimes used as terminals on set boards. 

triode tube— A tube with three elements: a filament or a cathode, a grid, and 
a plate. 

volt — The unit of electrical pressure, or potential difference. 

voltage drop — The loss in voltage, or the voltage used in forcing a current of 
electrons through a resistance. 

voltmeter -An instrument used to measure the pressure exerted on the electrons 
in a circuit. 

watt — The unit of power. Watts of power are found by multiplying the amperes 
of current by the voltage. 
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OHM’S LAW BY SIMPLE MATHEMATICS 
AND BY METERS 


Experiments are excellent to prove electrical laws and to show 
the way electricity acts in radio circuits. In this chapter you will 
perform experiments to learn how electricity acts in the simpler 


DEFINITION 


Dry cells 



SYMBOL 



Severer/ cel/s connected 
together are called 
a BATTERY 



=H|l|l|lIl|lf-± 


This is the symbol 
tor a VACUUM TUBE 


Fig. 37. New symbols used in this chapter. Note how they are used in the 
diagrams shown in the illustrations. 

electrical and radio circuits found in radio sets. You will use 
meters to cheek the current and voltage in these circuits to prove 
the electrical laws that will be explained to you. 
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You will learn the following things in this chapter: 

Part 1 : What the Nature of Voltage Is 

Part 2: How Ohm’s Law Relates Current Flow and Voltage 

Part 3: How Series Connections Affect Resistance 

Part 4: How Parallel Connections Affect Resistance 

Part 5: A Practical Way to Measure Resistance — the Ohrnmeter 

The new symbols that you will use in the figures in this chapter 
are for dry cells, battery of cells, and vacuum tube (see Fig. 37). 

PART 1: WHAT THE NATURE OF VOLTAGE IS 

How can we get different voltages? When you set up the first 
experiment in this chapter, you will find that you need different 
voltages. A handy way to get the voltage you need is to use 
ordinary No. 6 dry cells. The dry cells shown in Fig. 38 all have 
a voltage of \\ volts per cell. 

What are a cell and a battery? 

Each separate unit in a battery 
is called a cell. When you con- 
nect several cells together, the 
group of cells is called a battery . 

The size of the cell determines 
how long it can continue to sup- 
ply a given amount of current. 

Large cells will last longer than 
small cells. 

What is the voltage of a 
series connection? Each cell 
of a three-cell automobile type 
of storage battery has 2 volts across its terminals when the cell is 
fully charged. The three cells will deliver 6 volts when the nega- 
tive terminal of one cell is attached to the positive terminal of the 
next. The current of cells connected in series is the same as that 
delivered by only one cell. This is called a series connection. 

Rule. When cells are connected in series , the resulting voltage is 
the sum of the voltages of all the individual cells . If a tube needs 
22^ volts supplied to its plate, 15 flashlight cells, connected in 
series, as shown in Fig. 39, will produce the desired voltage 
(15 X L} volts = 22^ volts). The ordinary 45-volt B battery is 



Pen light Flashlight No. 6 
cell ce/l Dry cell 

Fig. 38. Dry cells. The pen-light 
cell, the flashlight cell, and the No. 6 
dry cell all have 1^ volts electrical 
pressure. But the small cell has less 
current capacity than the large one. 
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made by connecting SO small dry cells in series and molding them 

into a block. 

yrno What is the voltage of a paral- 

#M'M#f lei connection? Rule. When 


Zinc — 


Carbon 

Fig. 39. Cells connected in series pro- 
duce higher voltage than single cells. 
Here the voltages of all the cells add to a 
total of volts. Note the positive 
and negative terminals. 

the filament of a fi-voll tube with 



cells are connected in parallel , 
the voltage remains the same as 
for one cell . However, the cur- 
rent now is equal to the sum 
of the current from all cells. 
Dry cells used to heat a tube 
filament that requires 1^ volts 
will have longer operating life 
if the cells are connected in par- 
allel (see Fig. 40). 

How are cells connected in 
series parallel? You (‘an heat 
dry cells by connecting them in 



Short cel! life Long cell life 

with this connection, with this connection. 

Fig. 40. A battery of cells connected in parallel. Four cells connected in parallel 
have the same voltage as a single cell, volts; but they have much longer life 
than has the single cell. 
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series parallel, as in Fig. 41. Four 1^-volt dry cells eonnecl ed in 
series will have the fi volts needed to operate a (i-volt tube. But 
the lives of the cells will be short if the filament uses much 
current. By connecting two 
more sets of four cells in series 
and then connecting the three 
sets of four cells in parallel, we 
increase the life of each cell by 
dividing up the current load 
among them all. 

PART 2: HOW OHM’S LAW 
RELATES CURRENT FLOW 
AND VOLTAGE 

What is Ohm’s law? There 
is a definite relationship be- 
tween resistance, current, and 
voltage in an electrical cir- 
cuit . This relationship was fi rst 
stated by the German scientist. 

Ohm, in the year 1827. He 
observed that whenever he 
attached a battery with a defi- 
nite voltage to a given resistor, 
the same amount of current 
would always flow through the 
connecting wire. He further 
observed that if he doubled the voltage, twice the amount of cur- 
rent would flow through the wire, or if he cut the voltage in 
half, only half the current would flow. From these facts he 
worked out what we now know as Ohm's law . 

E 



G vo/ts 

Fig. 41. Cells connected in series par- 
allel. The four cells connected in series 
gives 0 volts. But hen you connect the 
three sets of series-connected cells in 
parallel, you increase the life of the 
battery of cells. 


Ohm’s law is written as I = 


li 


This means that current (7) 


equals voltage (/£) divided by resistance (/?). 

You can try this rule yourself by observing the brightness of 
a dial light as you change the voltage applied to it. Attach a 
1^-volt dry cell to a 6fV-volt dial light. Attach a 0 to 1 direct- 
current ammeter in the circuit, as shown in Fig. 42. Note the 
brilliance of the lamp and the reading of the meter. Then add a 
second dry cell in series so that there are 3 volts across the lamp. 
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Continue, adding a cell at a time, until you have 6 volts across 
the lamp, and make the same observations each time. 

Write in a table, similar to the one shown in Fig. 43, the amount 
of current flowing through the lamp at each different voltage, and 
make a note describing the brilliance of the filament. This is an 
easy way to see, as Ohm did, that more current will flow when the 
voltage is increased. 

You can see from the table that a higher voltage forced more 
current through the lamp filament and that the glow of the lamp 
is more brilliant when the current through it increases. 




Fig. 42. Increase the voltage and current also increases. When you increase 
the voltage applied to the dial by moving the test point to the second cell, you will 
find that more current flows through the lamp. Still more current Hows when 
you touch the test point to the third cell. 

What dial or panel lamps are to be used? Select for the above 
experiment a (i- to 8- volt dial lamp which draws low current. 
The current used by dial lamps varies considerably. One type 
of lamp uses 0.25 ampere while another type of lamp uses 
0.50, ampere. 

For the next experiment select a 6- to 8-volt lamp that draws 
about twice the current. An example will make this clear: 

Use a 6- to 8-volt lamp which draws 0.20 ampere for the first 
experiment. 

Use a 6- to 8-volt lamp which draws 0.40 ampere for the second 
experiment. 

What is the effect on current flow of increasing resistance? If 
a different dial lamp with a higher resistance filament is used, less 
current will flow through it. Prove this by performing the pre- 
vious experiment, using a higher resistance lamp. 


OHM'S LAW BY SIMPLE MATHEMATICS 


79 


Again take readings on the meter, and watch the brilliance of 
the lamp as the battery voltage is changed. Write the meter read- 
ings in another table, similar to the one in Fig. 43. 

Your observations show clearly that when you increase the 
voltage across the filament, more current flows. When you add 
a second cell so that the voltage across the filament is doubled, 
you find, as in the previous experiment, that the current is about 
twice as great as before. When you add a third cell, so that the 
voltage is nearly tripled, the current becomes almost three times 
as great. 


Volts 

Current 

Brilliance 

on lamp 

seen on meter 

of lamp 

i£ 



3 



4 



6 




Fig. 43. Copy this tabic and keep a record of the current flowing through the 
lamp. Also note the brilliance of the lamp. 

You also find that the same voltage forces leas current through 
a high-resistance lamp than through a low-resistance one. This 
means that the same voltage will force less current through a higher 
resistance than a lower one. 

What facts have you just learned? Let us collect these facts 
so that you can understand better the results of these different 
conditions on the flow of the current. 

Rule 1. (or) More current flows in a circuit when the voltage is 
increased, and (h) less current flows when the voltage is decreased, 
if the resistance remains unchanged. 

Rule 2. Less current flows in a circuit when the resistance is 
made higher, if the voltage is unchanged. 

How is Ohm’s law mathematically expressed? The formula 
commonly used to show how much these changes of current, volt- 
age, and resistance affect each other is known as Ohm’s law. It 
is given below. 
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or 

» volts 

Amperes = ~r — 

1 ohms 

where 1 means current in amperes 
E means voltage in volts 
R means resistance in ohms 

There are several interesting facts about this formula. The 
“ equals” sign means that both sides of the formula arc in bal- 



Four ce//s ~ S vo/ts 

Fig. 44. TTse resistors in series to prove Ohm’s law. The milliamnieter measures 
the current flow through the resistors in the circuit and the voltmeter measures the 
voltage across them. You can check the current flow through the resistors by the 
Ohm’s law formula. 

ance. When one side is made larger, the other side must also be 
made larger if they are to remain in balance. So, if the voltage is 
increased and the resistance is kept the same, more current flows. 
If the voltage is reduced and the resistance remains unchanged, 
the current must also drop. You can see this happen in a simple 
circuit. 

Current and Voltage Increase Experiment 

Wire the circuit by connecting two meters to the circuit board, 
as shown in Fig. 44. Connect a 0 to 10 direct-current voltmeter 
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across the A and B terminals and a 0 to 100 direct-current milli- 
amineter in one wire, but do not attach the battery until later. 
Attach five 100-ohm 2-watt resistors to the clips on the experi- 
ment board. 

How to Operate the Experiment 

Step 1 . Connect the wire from B to clip 1, so that one resistor 
is in the circuit. Read both meters with no cell of the battery 
connected. 

Step 2. Attach the wires to one dry cell. Read the two meters. 
Make a table and write in it the observed values of current and 
voltage. 

Step 8. Move the wire at D to add another dry cell in series and 
again read the meters. Write the current and voltage values in 
the table. 

Step 4 . Continue until all four cells are in the circuit. Write 
the current and voltage values in the table. 

Why It Works 

Ohm’s law tells you that the amount of current that flows 
through a resistor will increase as you increase the voltage across it. 
When the first cell is connected, the voltmeter shows 1^ volts. 
You know from the manufacturer’s specifications that one resistor 
has a resistance of 100 ohms. 

Problem. Now use the formula to find how much current 
should flow through the resistor. 

Step 1 . Write down the formula 



Step 2 . Write down here the numbers you have to work with 

7 = what you want to find 
E — volts 
R = 100 ohms 

Step 3. Substitute the numbers in the formula, and write 
numerator and denominator as fractions 
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Step Jp. Invert the denominator and multiply (8 X 1 and 
2 X 100) 

I — i X too 
= ~20l) 

Step 5. Divide numerator by denominator to find the answer 
7 = 0.015 ampere 

Step 6. Multiply by 1000 to get the answer in milliam peres. 

7 = 15 milliamperes 

This is the answer. Check this on the milliammeter, which 
should give you approximately the same answer. 

If you find that the milliammeter reading is different from the 
current value you worked out by Ohm's law, the reason probably 
is that the actual resistance of these resistors was not exactly 
100 ohms. Commercial resistors vary as much as 20 per cent 
from the value marked on them. 

You can also purchase resistors marked with either a silver or a 
gold band. The silver band means that the resistor is within 10 per 
cent of its rated value. A gold band means the resistor is within 
5 per cent of its rated value. Or you can purchase precision resis- 
tors which will give much more accurate results in this experiment. 

When you add a second dry cell in series with the first, you 
find that there is twice the voltage across the resistor and that 
about twice as much current flows through it. 

Two dry cells connected in series deliver a voltage of 3 volts. 
Check this on the voltmeter. Now, before you check the reading 
of the milliammeter, work out by Ohm’s law the amount of current 
that should flow at the new voltage. 



where 7 = what you want to find 

E — 3 volts across the resistor 
R = 100 ohms 

i — 3 volts 

_ 100 ohms 
= 0.03 ampere 
= 30 milliamperes 
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The meter reading should agree approximately with your mathe- 
matical result. 

Using the formula, work out the amount of current that will 
flow when you attach three, and then four, dry cells in series. 
Check your figures against the readings of the two meters. In 
this way you can see that the higher voltage forces a greater cur- 
rent flow through the resistors. 

The Current Decrease and Resistance Increase Experiment 

You can connect a larger resistor in the circuit to show the 
effect that a change in the resistance of a circuit has on the amount 
of current flowing through it. 


^ Each resistor - tOO ohms -2 watts 

/ 



✓ — O to lOO d-c 
Mi! ham meter 


Four Dry cells - 6 volts 


Fig. 45. The eurrent flow decreases as the resistance becomes greater. The 
voltage remains the same in this experiment. 


How to Wire the Circuit 

Connect a 100-olun resistor in the circuit as shown in Fig. 45. 
Connect four dry cells in series to get 6 volts, or use a 0-volt 
storage battery. Connect a 0 to 100 direct-current millianuneter 
in series as shown. 
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How to Operate the Experiment 

Step 1 . Read the milliam meter to find out the amount of cur- 
rent flowing through the 100-ohm resistor. Make a table, and 
Write the amount of the current flow in it (see Fig. 46). 



Fig. 46. Copy this table. Write in it the results of your test. 

Step 2. Move the wire from clip 1 to clip 2. You now have 
200 ohms in the circuit. Measure the current that flows through 
the 100-ohm resistors. Write the figures in the table. 

Step 3. Continue, moving the wire next to clip 3, then to clip 
4 and to clip 5. Write data in the table for each new value of 
resistance. 

Why It Works 

The 6 volts of the battery can force more current through a 
100-ohm resistor than it can force through two 100-ohm resistors 
in series (200 ohms). There is now more resistance in the circuit, 
and so less current flows. You can prove this by Ohm’s law. 


How to Plan the Problem 

Problem. Find the current through the 100-ohm resistor. 


E (of battery) _ 6 volts 
R (of resistor) ~~ 100 ohms 


60 milliamperes or 0.06 ampere 


When 200 ohms is in the circuit, the current is found as follows 



where / = the current to be found 
E = 6 volts 
R = 200 ohms 

I = Foo 
= 0.03 ampere 
= 30 milliamperes 
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and for 5 00 olims the solution is as follows 



where K = (> volts 

li — 500 ohms 


I = 

— 0.012 ampere 
= 12 milliainperes 

These figures show how the current flow decreases when you 
increase the resistance in a circuit. 


Question 

Look in radio-tube characteristics charts in radio handbooks and in catalogues 
for the voltage and current required for several dial lights. From this data 
calculate the hot resistance of the filaments. 

PART 3: HOW SERIES CONNECTIONS AFFECT RESISTANCE 

Resistors are often connected in series. There are many places 


in the radio circuit where re- 
sistors, tube filaments, trans- 
formers, and other parts must 
be connected in series. Turn 
will study one such circuit in 
Chapter 14, “Power Supplies.” 
It is important that you know 
just what t he effect will be when 
several resistors are connected 
in series. 

When connected in series, 
the resistances add. Hide: 
When two or more resistors are 
connected in series, their total 
resistance is equal to the sum of 
eaeh resist a nee. 

The three 1LES tubes (shown 
in Pig. 47), eaeh with a 28-olnn 
filament at full voltage, have a 
connected in series. 


23 ohms :S ohms 23 ohms 


- 34 ohms 

.8 ohms 23 ohms 23 ohms 

Total Resistance 34- ohms - 

Fig. 47. When connected in series, re- 
sistances add. 

total resistance of 84 ohms when 
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It , naor.es = ^1 + ^2 + ^3 

= 28 ohms + 28 ohms 4 *28 ohms 
= 84 ohms 

The same principle applies when tubes of different types are 
connected in series (see Fig. 48). 


12SA7 12 SKI 12 SO 7 3525 50 L6 



115 volts ac 

Fig. 48. Here the heater filaments of a five-tube set are connected in series. 
Some of the tubes have different hot resistances so the voltage drop, measured 
by the meter across each filament, is different. 

Problem. Suppose a set has these tubes: a 12SA7, a 12SK7, a 
12SQ7, a 35Z5, and a 50LG. Find the resistance of these filaments 
when hot by this formula 

= Ri + Ri + R 3 4 - R* + R& 

where Ri, the 12SA7 = 84 ohms 
R 2 , the 12SK7 = 84 ohms 
7 ? 3 , the 12SQ7 = 84 ohms 
Ri, the 35Z5 = 283 ohms 
lii, the 50LG = 333 ohms 

R«,«i = 84 + 84 + 84 + 233 + 333 
= 818 ohms 

PART 4: HOW PARALLEL CONNECTIONS AFFECT RESISTANCE 

How is the total resistance affected when resistors are con- 
nected in parallel? When resistors are connected in parallel, the 
resistance of the group drops. The total resistance is less than 
the resistance of any one of the resistors. 

Here is the formula used for resistors connected in parallel 

7? 1 

total -I 1 

— 4- — 

it! T Ri 
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Problem. What will be the total resistance of two 6C5 heater 
filaments when connected in parallel ? Each heater filament has a 
resistance of 21 ohms. (Find this in the Selected Tube List, pages 
6(>8 6(59. The CC5 heater uses 0.3 volts and 0.3 ampere of current. 
Jli by Ohm’s law then is 21 ohms.) 

Step 1. Write the formula and the value of R\ and R 2 . 


Ri + X 

where 7? i = 21 ohms 
7? 2 = 21 ohms 

Step 2. Write the values in the formula and add the numerators 
of the lower fraction 


n 


total 


1 

Tf + 3T ITT 


Step 3. Invert the lower fraction and multiply. Then divide 
the numerator by the denominator to find the answer. 

total = i X V" = 10.5 ohms, total resistance for the two heaters 
connected in parallel. 


Rule. I Vhcn two resistors with the same resistance are connected 
in parallel , the total resistance is half the resistance of either one . 

How is the resistance of several resistors connected in parallel 
found? What happens to the combined resistance when several 
resistors, each with a different resistance value, are connected in 
parallel ? 

Problem. What is the total resistance of the filament circuit 
in a set using these tubes: a GSJ7, a 6L6, and a GF6. The formula 
given above may be used. 

This example is worked out as follows: 

Step 1. Write the values, then substitute them in the formula. 
Where R u the GSJ7 = 21 ohms 
R 2 , the GLG = 7 ohms 

R z , the 6F6 = 9 ohms 


R 


total 


J 

ifr + + + % 
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Step 2. Find the common denominator, so that you can add 
the fractions. Try 63 for the denominator (21, 7, and 9 will 
divide evenly into it). 


It 


total 


1 

e 3 :i + 


1 

i » 
6~:f 


Step 3. Now clear of fractions by inverting the lower fraction; 
then divide to get the answer. 


t X tt! = vTT = 3.3 ohms, total resistance 
1 19 19 


There is a voltage drop across a resistor. Now that you have 
seen how the resistances of series and parallel circuits are com- 
puted, you are ready to discuss again 
the important factor called voltage drop . 
Examine the circuit in which five tubes 
are connected in scries (see Fig. 48). A 
voltage drop occurs because the voltage 
of the line is used up in forcing the elec- 
tron flow to continue through the resist- 
ance of the five heater filaments. Part 
of the voltage is used to force the cur- 
rent to flow through the first filament. 
The difference of voltage between the 
two ends of the filament can be meas- 
ured by a voltmeter. It is the voltage 
drop across the filament. 

Experiment. Attach test points to 
a 0 to 10 direct-current voltmeter (see 
Fig. 49). Touch the free ends of the 
test points across the Nos. 1 and 8 pins 
of the first tube. The reading of the 
meter is the voltage drop across the filament of that tube. 

Check this reading by Ohm’s law. You know the resistance of 
the filament and the amount of current flowing through the circuit. 
Remember that the amount of current flowing is the same in all 
parts of a series circuit. Use the formula E = 1 X Ii to find the 
voltage drop E across the tube. 

When resistors are connected in parallel, a new condition occurs : 



Fig. 49. When the voltmeter 
is connected across the tube- 
filament terminals, 1 and 8, it 
measures the difference of 
voltage or the voltage drop 
across the filament. 
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There are two possible paths for the electron flow to follow on its 
way through the circuit. When both resistors have the same 
resistance, the current will divide equally, and half will flow 
through each resistor. 

Experiment 

Step 1. Connect the filaments of two 1LE;* vacuum tubes as 
shown in Fig. 50. 



Ficj. .00. When resistors are connected in parallel the total resistance in the 
circuit is less than the resistance of either of the single resistances. You can see 
the effect of a parallel connection in this circuit by noting the current flow as 
shown by the two meters. 


Step 2. Connect two 15-niilliainpere dial lamps in parallel. 
You will note from the glow of the lamps that an equal amount of 
current flows through each branch of the circuit. Prove this by 
connecting a 0 to 20 direct-current milliammcter in each branch 
of the light circuit. 

Rule. When two resistors of equal size are eonneeted in parallel, 
the total resist a nee is half the resistance of either one of the resistors. 

But when two resistors unequal in size are connected in parallel, 
the total resistance is less than the resistance of the smaller of the 
two. The formula is 

Ri X Rz 

- Ri + I{2 

Example. Suppose that two resistors of 500 ohms and of 
200 ohms are connected in parallel. What will be their total 
resistance ? 
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_ 500 X 200 

-tttoUl - 5Q0 + 20Q 

100,000 

~ 700 

_ 1000 
7 

— 142.85 ohms 

Other combinations of resistors occur in radio circuits but will 
be left for more advanced study, since they involve more difficult 



Fig. 51 . Connect a meter and the parts shown here and you have an oh trimeter. 

mathematical computations beyond the scope of your present 
work. 

Questions 

1. What will be the total resistance of two 1LE3 tubes connected in parallel? 

2. What will be the total resistance when the following three tubes are con- 
nected in parallel: 1A7, 3Q5, and 1LE6? 

3. Many portable sets have all of the tubes connected in series, including the 
power tube. What will be the total resistance when the following tubes are 
used: 1H5, 1N7, 1LA6, and 117Z6? 

PART 6: A PRACTICAL WAY TO MEASURE RESISTANCE — THE OHMMETER 

The voltmeter-ammeter method is only one way to measure 
resistance. There are several ways to measure resistance. If 
you want to find the resistance of a tube filament, you could 
measure the voltage across the filament (see Fig. 49), measure the 
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current flowing in the circuit, and then use Ohm’s law to find the 
resistance. 

This is an accurate method and one which is used in laboratory 
testing. But for practical work on the radio test bench and for 
work by most experimenters, the ohmmeter is a much handier and 
more useful way to measure resistance. 

What is an ohmmeter? The ohmmeter is merely a low-range 
voltmeter connected in series with a battery and a variable resistor. 

An inexpensive ohmmeter may be made of a 0 to 4| direct- 
current voltmeter, a ({-volt battery, and a 50,000-ohm variable 
resistor. It is wired as shown in Fig. 51. 


Experiment in Operating the Ohmmeter 

Step 1. Connect one test-point wire to the battery and one 
to the rheostat, as shown in 
Fig. 52. 

Step 2. Touch the test 
points together. The meter 
now T reads the voltage of the 
meter battery, less the drop in 
voltage across the rheostat. 

Adjust the meter hand to 0 
ohms (4 J volts) by turning the 
rheostat. 

Step 3 . Touch the test 
points to the part of the circuit 
where you want to measure resistance, such as across the F pins 
of the tube on a circuit board. The meter will read the cold re- 
sistance of the filament. 



Ohmmeter 

Co// 

Fig. 52. You can use the ohmmeter to 
test a coil to find if the wires are broken. 
This is called a continuity test. 


Continuity Tests with the Ohmmeter 

You can read directly the resistance of resistors and the resist- 
ance of coils with the ohmmeter and make many circuit tests 
with it. Servicemen use the ohmmeter to locate trouble in radio 
circuits. For instance, a loose or broken wire or a poorly soldered 
connection, common sources of trouble, can easily be located with 
the ohmmeter. 

Connect test points to an ohmmeter, and touch the free ends 
of the test points to the ends of a coil (see Fig. 52). If the coil is 



92 


UNDERSTANDING RADIO 


good, with no poor connections or broken wires, its resistance will 
be very low. A poor joint will show as a high resistance reading. 
A broken wire will break the circuit, and, consequently, the meter 
hand will not move but will indicate infinite resistance. This is 
called an open circuit or an open. 

Why It Works 

Examine the circuit of the ohmmeter shown in Fig. 51. It con- 
sists of a voltmeter connected in series with a battery and a varia- 
ble resistor. When you touch the test 
points together, you really are measuring 
the voltage of the battery. 

This battery voltage is higher than the 
highest mark on the meter scale, in order 
to allow for aging of the battery. When 
you touch the test points together, the 
meter hand can be set back to zero by 
means of the variable resistor. When 
you make this adjustment, you automat- 
ically compensate for the resistance of the 
test-point wires. 

Now, when you touch the test points to 
the filament terminals of a tube or of any 
other resistor, the resistance of the fila- 
ment is in series with the battery and 
meter (see Fig. 53). The added resistance 
cuts down the current flow in the circuit 
and the meter reads a lower voltage. 

The ohmmeter scale is marked in ohms. When you set the 
test points across a high resistance, the ohmmeter shows a high- 
resistance reading (a low voltage); when you set the test points 
across a low resistance, the ohmmeter shows a low-resistance read- 
ing (a high voltage). 

Questions 

1. How many ways can you find for measuring resistance? 

2. Make a cutaway drawing of an ohmmeter. 

3. What is the purpose of the variable resistor in an ohmmeter? 

4. Can you design a circuit for an ohmmeter which uses an ammeter instead 
of a voltmeter? 



Fig. 53. Touch the test 
points of the ohmmeter to 
the 1 and 8 pins of a tube 
to test for a burned -out 
filament. 
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Technical Terms 

battery — A group of electric cells connected together. 

cell — Each unit of a storage battery. You use one or more dry cells in your 
flashlight. 

continuity test — A test, often made with an ohmmeter, to find whether there is a 
break in the circuit. 

dry cell — A chemical device for producing a current of electricity. It consists 
of a zinc can containing a moist paste of ammonium chloride, manganese 
dioxide, and graphite, with a carbon rod in the center. 

oo — The mathematical symbol for infinity. 

Ohm's law — Current = volts/ohms (written as I = E/R). This formula shows 
that if you double the volts without changing the resistance, you will double 
the current; but if you double the resistance without changing the voltage, 
you will cut the current in half. 

open — A word used to mean that there is a break in the circuit. 

parallel connection — Whenever the ends of two or more conductors are con- 
nected to the same terminals, or whenever like terminals of cells are connected 
together (see Fig. 40), they are said to be connected in parallel. 



CHAPTER 6 


HOW TO BUILD AND WIRE THE TUBE 
CIRCUIT BOARD 


Whether you work at home, in the garage or basement, or in 
the classroom, you will get a great deal of valuable radio training 
and experience from building set boards. While these boards are 
designed specifically for purposes of study, they are surprisingly 
effective as receivers and transmitters. 

When this book is to be used as a classroom text, it is suggested 
that each circuit described in it be built on standard baseboards 
for convenience in setting up different circuit combinations and for 
storage. The construction of typical circuit boards is described in 
this chapter. 

You will learn the following things in this chapter: 

Part 1: How the Tube Circuit Board Is Built 

Part 2: How the Parts Are Fastened to the Baseboard 

Part 3: How the Circuit Is Wired 

Part 4: How the Soldering Iron Is Tinned 

Part 5: What Soldering Fluxes Should Be Used 

Part 6: How a Wire Joint or a Wire Splice Is Soldered 

Part 7 : How Wires Are Spliced 

PART 1: HOW THE TUBE CIRCUIT BOARD IS BUILT 

The circuit board shown in Fig. 54 is used not only for the 
experiments that demonstrate the theory of the vacuum tube but 
also for other experiments in your study of radio circuits. You 
will use it as part of a simple receiving circuit. 

On this tube circuit board is mounted the tube socket into which 
the tube is plugged, the wiring for each of the three tube circuits, 
the filament heater, the grid, the plate, and the necessary binding 
posts to which wires from the other parts of the circuit are con- 
nected. You will find it handy to have several one-tube circuit 
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boards for use later in experiments. Tlie other circuit hoards 
will have the same wiring. 

There are three separate circuits on this hoard: the filament cir- 
cuit , the plate circuit , and the grid circuit. Study the filament and 
the plate circuit first. You 
will study the grid circuit later. 

The filament circuit includes 
the tube filament, the wiring, 
and the dry cell. We call the 
filament, the dry cell, and the 
wiring the filament circuit (see 
Fig. 55). 

The plate circuit runs from 
the plate of the tube to the out- 
put posts, then to the B bat- 
tery, and back to the filament 
(see Fig. 50). 

What is a schematic circuit drawing? When you want to show 
a circuit, you draw a simplified sketch of the tubes, batteries, and 
wires. You draw standardized symbols to represent the tube, the 
batteries, and the wiring. Let us see how this tube circuit would 

look drawn as a schematic dia- 
gram. In Fig. 57 the whole 
circuit is represented by sym- 
bols. Note that each symbol 
looks like the thing for which 
it stands. You can easily rec- 
ognize from their symbols the 
lube and the binding posts. 
The wiring is shown by con- 
necting lines. Note the dot 
where wires are connected. 
Where wires cross, no dot is 
shown. 

The battery symbol uses a 
short, heavy line to represent the negative terminal and a long, 
light line for the positive. 

What size should the baseboards be? Mount this simple tube 
circuit (and many others) on 9i-in. X 10-in. X §-in. thick pine 



Flu. ,5.5. The heavy lines show the 
filament circuit on the tube hoard. 


Locta! tube 



Fiu. .54. This is the tube circuit board 
that you will use for many experiments 
designed to help you to learn about the 
action and theory of the vacuum tube. 
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Fig. 50. The plate circuit is shown here in heavy lines. 



Output 

posts 


Fig. 57. This is a schematic diagram. It is a quick way to draw the circuit of the 
tube circuit board. Note that symbols are used in place of the more complicated 
drawings of each piece of apparatus. 


or other suitable material. (Other circuits requiring more space 
can be mounted on boards 10 in. X 20^ in. of the same material.) 
Nail or screw and glue two f-in. X 1^-in. cleats to the under- 
surface of the boards to prevent it from warping and make it 
easy to pick up. 

Lacquer or paint the board to keep it clean. Store it in a 
cabinet. Stamp or paste a number on the edge of the board and 
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on the cabinet to show the storage position of the set. Type or 
print a name plate to show the name of the circuit mounted on 
the board. 

Where can you obtain the parts? Use new parts for these sets, 
or salvage parts from old broadcasting receivers. Most people 
are glad to give old sets to a school or to experimenters. Tube 
sockets that will mount flat on the board are rare. Wafer sockets 
are suitable and inexpensive and are easy to obtain. They can 
be mounted in several ways. 

What are binding posts? Several kinds of binding posts can be 
used. The small- or medium-sized Fahnestock posts are excel- 
lent if straight wire is to be used for connection between boards. 
Fasten the posts to the board with ^-in. X 6-in. roundhead blued 
or bright wood screws. Banana-plug and jack or phone-tip and 
jack connections are handy, but they are apt to wear out quickly. 

If wires with attached alligator clips are used for the connectors, 
roundhead wood screws, or even finish nails, can be used for wire 
terminals. 

PART 2: HOW THE PARTS ARE FASTENED TO THE BASEBOARD 

The positions of parts on the baseboard are important because 
these sets are arranged so that the wiring looks like the drawing 
of the schematic circuit diagram. Set the parts and the binding 
posts on the board, and observe their positions carefully. Have 
all the wires on top of the board clearly in sight. Fasten the 
parts to the board with small roundhead wood screws. 

Wire these sets with No. 14 bare, tinned, or enameled copper 
wire. The tinned copper wire is preferred. Make square corners 
so that the wire follows the schematic circuit. Staple the wires 
to the board. 

PART 3: HOW THE CIRCUIT IS WIRED 

How do you wire the filament circuit? The filament circuit 
includes the tube filament, the tube socket, the two binding posts, 
a dry cell, and the necessary connecting wire (see Figs. 55 and 58). 
Run a wire from the A-minus binding post to the A-minus termi- 
nal on the tube socket. Run a wire from the A-plus terminal of 
the tube socket to the A-plus binding post. Fasten the wires to 
the board with staples. This completes the filament circuit. 
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4 5 



F-t 8-r 


Bottom of 1 LE3 



Fig. 58. This shows the position of the parts on the set board. The filament 
circuit is shown in heavy lines. Note that the parts are laid out in the same 
form as the schematic diagram. This is an important training aid. 

Note the bottom views of the tube socket. The bottom view is shown this 
way in tube manuals because the bottom of the socket is the part the builder or 
repair man sees when he works on a set mounted in a metal chassis. 



Fig. 59. Solder all connections. Loose joints soon become dirty and the resist- 
ance of the joint increases. This produces noise in the set, erratic operation, or 
sometimes completely stops the set. 

Scrape the insulation off the end of the wire where you expect 
to solder it. Slip the wire through the hole on the tube-socket 
clip, bend over the wire end, and solder in place (see Fig. 59). All 
wires should be soldered to the binding posts and to the lugs on 
the tube socket. The method of soldering is explained in Part 4 
of this chapter. 
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How do you attach the wires to binding posts? You can use 
clips as shown here or substitute posts. Scrape the end of the wire, 
bend it, and solder it to the screw or clip as shown in Fig. 59. 

How do you wire the plate circuit? Run a wire from the plate 
post of tube socket to one out- 
put binding post (see Fig. GO). 

Run a wire from the second 
output binding post to the 
B-pIus binding post. Run a 
third wire from the B-minus 
binding post to the A-plus 
binding post. 

The plate circuit runs from the plate to the output binding posts 
(see Fig. Gl) with connections to the B battery and a wire from 
the B-minus terminal back to the filament, either through the 
rheostat or through the A battery. 


■ > 

. _ 

-A+ - B * ^is$****'' 

Fit;. (>1. Schcmat i<* diagram of tin* Fi<;. (>^. How to file the tip of a sol- 
plate circuit. dering iron. 





Fro. (H). Now wire die plate circuit. 
It is drawn in heavy lines. 


PART 4: HOW THE SOLDERING IRON IS TINNED 

A soldering iron point, or tip, is made of copper, which conducts 
heat very well. The tip is filed as shown in Fig. 59 or as in 
Fig. 92, because the hot copper surface at the end of the iron 
oxidizes and hardens, and solder will not stick to it. To remove 
this oxide, it is customary to file the iron clean while it is hot and 
re-tin it. A thin coating of solder is melted onto the surface of 
the clean, hot copper so that it will readily hold and carry a drop 
of hot solder to the work. This process is called tinning the iron , 
and the procedure is as follows: 
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Step 1. Heat the iron to the proper soldering temperature. 
With an electrie iron all that needs lo he done is to turn it on, 
and it will reach the proper heat in about £ minutes. 

Step 2. File the tip until the bright copper shows over the 
entire surface. This should require just a few strokes of a clean 
file. The heated copper will rapidly discolor again, but this dis- 
coloration will be cleaned off by the flux, which is the substance to 
be applied to the surface for soldering. 

Step 3. Either dip the hot tip of the soldering iron into some 
form of flux or touch rosin-core solder to the hot tip. The flux 
will clean off this oxide and permit the solder to flow onto the 
copper and cover it. If rosin-core solder is used, do not dip 
the iron in flux. The purpose of the flux is to combine with the 
impurities and clean them off. 

When the hot iron lias been left on its stand for 30 minutes or 
longer, it often will not solder a joint even though the iron is 
quite hot. This occurs because the iron has '‘burned.” File off 
the hardened solder, and re-tin the point. The iron will now 
solder satisfactorily. 

PART 6: WHAT SOLDERING FLUXES SHOULD BE USED 

There are several kinds of soldering fluxes on the market, almost 
any of which may be used satisfactorily by the amateur for solder- 
ing on his set. Select a soldering flux that will not corrode the 
metal after the joint has been made. Any electrician can tell you 
a number of good commercial fluxes to use. The local radioman 
can also give you this information. 

Many fluxes are fairly good conductors of electricity at high 
frequencies. Amateurs who have made a set carefully and well 
often wonder why the set does not operate better. Frequently 
the answer is that the soldering flux has flowed not only on the 
joint but over the Bakelite, or other insulation, in such a way as 
to furnish a path through which the high-frequency currents flow 
to parts of the circuit where they do not belong. This cuts down 
the efficiency of the set and may render it inoperative. 

Many amateurs prefer to use rosin-core solder, since rosin is 
not a conductor of electricity. Rosin is a good flux for clean, 
new copper or brass. But the rosin sometimes flows into a joint 
and hardens between the turns of the wire. Such a joint will not 
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carry electricity, since the rosin prevents the two metals from 
making contact. Take such a joint apart, scrape it clean and 
bright, then resolder. Sometimes reheating with a hot iron will 
flow in the solder and will make a good joint. 

PART 6: HOW A WIRE JOINT OR A WIRE SPLICE IS SOLDERED 

Soldering may be done easily if three rules are followed: 

Rule 1 . The joint must first be cleaned. This means that all 
surfaces of the two pieces of metal that are to be joined together 
by the solder must be scraped clean or must be cleaned with some 
chemical. In radio work we scrape wires with a knife, being care- 
ful to see that all parts of the joint are clean and bright. 

Rule 2. The soldering iron must be clean and well tinned. An 
iron that has been overheated or left on for a long time gradually 
burns. The hot solder combines with the oxygen in the air to 
form a hard oxide surface that will not conduct the heat from the 
iron to the joint to be soldered. If this has happened, the iron 
must be filed and re-tinned. 

Rule 3. The iron and the joint must both be hot. If the iron 
feels quite hot when held near the face or hand, it should solder 
the joint nicely. 

When the iron and the joint are sufficiently hot, apply the flux. 
Use very little flux on the joint. The flux melts and flows through 
the whole joint, cleaning the surface of the metal by chemical 
action. 

Then apply the solder. When the joint and the iron are thor- 
oughly hot and clean, the solder will flow into the joint quickly 
and make a smooth joint. 

If the solder seems to be rough and follows the iron away from 
the joint and forms a sharp point, this is a sure indication that the 
iron or the joint, or both, are not hot enough. 

Special solders and fluxes must be used when soldering aluminum. 

PART 7: HOW WIRES ARE SPLICED 

Step 1 . Cut or scrape the insulation off the wire for about 
3 inches. Scrape the wire till it is clean and bright. Slice off 
the insulation, moving the knife along the wire so as not to cut 
the wire. Copper breaks easily where it is scratched or marked 
with a knife or pliers. In making an antenna, this is very impor- 
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tant, since the antenna wire will break at such a cut and will fall 
after it has been in the air a short time. Make a light cut on a 
piece of scrap wire, and then bend the wire to see how a very 
small nick in the wire will make it break easily. Now try bend- 
ing a wire that has not been nicked. 



Step 2. Hold the wires together, as shown in Fig. 63. 

Step S. Twist one wire around the other for several turns; 
then start with the second wire, and twist it around the first. 
Keep the first few twists very tight. Make at least four twists 
with each wire, bending one wire almost at right angles to the 
other wire (see Fig. 64). Do not wrap the turns of the joint too 

wmm& — 7 

Fig. 64. This is the way to twist the wire splice. It is now ready for soldering. 

closely together, as this will prevent the solder from flowing into 
and around all parts of the joint. This splice will be sufficiently 
strong to join parts of an antenna together where there is con- 
siderable strain. 

Step If. The wire, which was scraped clean before the joint was 
made, is now soldered. This solder helps make the joint more 
solid and also prevents any corrosion by the air or sun. 

Questions 

1. Why is the soldering iron made of copper instead of iron? 

2. Why must a soldering iron he tinned? 

3. What is the purpose of soldering fluxes? 

4 . Why is rosin preferred as a flux for radios? 

5. What harm comes from letting a soldering iron get too hot? 

6. Why are radio connections soldered ? List several reasons. 
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Technical Terms 

binding posts — Connectors to which wires from batteries or from other unit 
circuits may be attached. 

burned iron — A soldering iron left connected too long burns and will no longer 
solder. The hot liquid solder on the tip oxidizes and hardens and no longer 
is a good heat conductor. 

filament circuit — A circuit including the filament and the A battery, with their 
connecting wires. 

grid circuit — A circuit including the grid, a tuning circuit, or a coupling circuit, 
the grid-return wire, and the filament. 

plate circuit — A circuit including the filament, the plate, the earphones or other 
load, the B battery, and the connecting wires. 

schematic diagram — A wiring diagram showing the coils, condensers, resistors, 
and other parts in simplified form. 

soldering flux — A chemical compound which removes oxides from the wire or 
metal surface so that the hot solder will adhere to the surface. 

soldering iron — An electric iron with an encased heating element, a copper tip 
to carry the heat to the work, a handle, and a connecting cord. (Soldering 
“iron" should be soldering “copper.’') 

tinning — Filing clean the copper tip of a soldering iron, and flowing melted 
solder on the clean tip. 

tube sockets— Plastic or ceramic forms in which springs are molded or fastened. 
When the tube is placed in the socket, the tube pins pass through holes in the 
plastic and make contact with the proper circuit wires. 



CHAPTER 7 


PRINCIPLES OF THE VACUUM TUBE 


Think of radio, and you think of the vacuum tube. The pur- 
pose of this chapter is to help you to learn something about the 
theory and operating principles of a simple vacuum tube. 

NAME PICTURE SYMBOL 


Triodc vacuum 
tube 




MH 


Variable resistor 





Neon glow tube 


Fig. 65. New symbols used in this chapter. 

A three-element tube is selected for you to study first, because 
it is simple and easy to operate. Later you will study and oper- 
ate more complicated tubes. This three-element tube has a base 
for which sockets are readily obtainable and cells or flashlight cells 
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can be used to heat its filament. You will learn the purpose of 
each part, or element, of the tube as you do experiments which 
demonstrate its operation and theory. 

In this chapter you will learn the things listed below. In later 
chapters you will apply the principles as they are used in different 
circuits in actual receivers and transmitters. 

Part 1: How the Vacuum Tube Was Developed 

Part 2: How to Examine the Tube and Its Elements 

Part 3: How Electrons Can Be Made to Flow through a Vacuum Tube 

Part 4: How the Grid, the Control Element, Is Used 

The symbols in this chapter are shown in Fig. 65. 

PART 1: HOW THE VACUUM TUBE WAS DEVELOPED 

How was the Edison effect used in the development of the 
vacuum tube? The story is told that while Edison was develop- 
ing his incandescent electric lamp in 1883, he accidentally made a 
discovery out of which grew the radio and electronics industry as 
we now know it. lie noted that the inside of the glass was being 
blackened. To study this effect, he placed a metal shield inside 
the crude lamp to prevent the carbon thrown off by the hot fila- 
ment from blackening the glass bulb. Curious, he connected a 
battery and a sensitive meter to the wires supporting this metal 
plate and to the filament wires. To his amazement, he found 
that a weak current flowed through the empty and evacuated 
space between the filament and the metal plate inside the tube 
when the filament was lighted. This was impossible, according 
to any law of electricity then known. Edison, puzzled but too 
busy with the lamp development to investigate further, contented 
himself with describing this effect in his technical notes. The 
Edison effect, as it is now known, remained a scientific curiosity 
without apparent value for the next 20 years. 

When young Marconi went to England to develop his wireless 
invention, he surrounded himself with the outstanding electri- 
cal men of that day. One of these men was the late Professor 
J. A. Fleming, a physicist who had worked with Edison in America 
at the time he had discovered the Edison effect. While attempt- 
ing to find a better detector of radio waves than the clumsy ones 
then in use, Fleming remembered Edison’s experiment and adapted 
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it to his needs. He mounted a filament and a pietal [date inside y 
glass bulb from which he pumped out all the 4ir. Then, when hfe 
connected the metal plate, the lighttil filament, 'and a battery to a 
radio circuit, he fount! thgt he had a’dqtector that was rugged and , 
very dependable in its operation. This was the first radio vacuum 
tube. ' !l / 

' Fleming’s tube was not very sensitive to weak signals and was 
little used, because there was no known way of amplifying the 


t 



Evolution ob Radio Tijde Desion 


As tiie tube developed, it became more rugged and more efficient, First 
model of a three-element l)e Forest audion tube, ( b ) one version of tlie^two- 
clement Fleming valve — forerunner of all vacuum tubes, (c) first tube to operate 
directly from and alternating-current source, thereby eliminating batteries, 
((/) an all-metal tube that contains its vacuum within an iron envelope. 


signals picked up by those early radio receivers. Other detectors, 
such as the crystal, were preferred. In later years, however, engi- 
neers learned how to amplify weak signals, set that it became possi- 
ble to use the reliability and other properties of Fleming’s invention 
to good advantage. Tubes making use of Fleming’s principle are 
used as detectors in many model# radio receivers. They are called 
diodes , a word that is taken from the Greek to indicate that such 
tubes have two active electrical parts, or electrodes tluf metal 
plate and the filament. 
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Another kind of diode tube employing the principle of the Edison 
effect is widely used in almost all modern radio receivers for 
changing the alternating current obtained from the house electric- 
lighting system to direct current for operating the other vacuum 
tubes in the receiver. We shall see how this is done when we 
study power-supply units in Chapter 14. 

In 1906, some two years after Fleming got a patent on his tube, 
Dr. Lee De Forest developed an even more interesting tube when 
he added a third electrode to Fleming’s diode detector. De Forest 
called his new electrode a grid , and his new tube came to be called 
a triodc to distinguish it from tubes that had more or less than 
three active electrical parts. 

De Forest was an American inventor who, like Fleming, was 
also searching for a better detector. He experimented with the 
diode in an effort to improve its sensitivity. He reasoned that 
he must find some method of controlling the flow of the electrons 
from the filament to the plate inside the tube. 

Because even the lightest piece of metal is millions of times 
heavier than an electron, De Forest knew that any kind of mechani- 
cal device would be unable to move rapidly enougli to control the 
electron flow. Casting about for another method, he hit on the 
idea of placing a inesli, or grid, of bent wire in the empty space 
between the filament and the plate of the diode. He allowed the 
incoming radio signals to act on the grid and found that he had an 
extremely sensitive detector. He also found that his new tube 
would amplify signals, and later on it was found that the triodc 
would also act as a generator of radio w T aves. It would, thus, 
do most of the wonder-working things that we now associate with 
electronics and the vacuum tube. 

In the next section you will see what the inside of a tube looks 
like, and then you will perform some experiments to help you find 
out how vacuum tubes work. 

What were the early filaments like? It is a far cry from the 
fragile handmade filament of carbonized vegetable fiber used in 
Kdisonfs first electric lamp to the filaments used in modern vacuum 
tubes, produced by the millions with automatic machinery. 

Tungsten was used for the filaments of the early vacuum tubes. 
But tungsten had two disadvantages: It had to be operated at 
white heat, and, consequently, the hair-thin filament easily burned 
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out; also, the storage battery used to heat the filament had to be 
recharged frequently. 

How are filaments made today? Today vacuum-tube filaments 
are made of three principal materials: pure tungsten, metals coated 
with oxide, and tlioriated tungsten. Pure-tungsten filaments are 
built into large power tubes for heavy-duty service and are used in 
broadcasting stations, in high-powered communication service, and 
for X-ray tubes. 

Most of the tubes you find in broadcast-receiving sets and in 
amateur communication receivers have oxide-coated filaments, or 
cathodes (see Chapter 15). These filaments are made with a core 
of Konel metal, an alloy of nickel, cobalt, iron, and titanium. This 
core is coated with barium or strontium oxides. This highly 
efficient oxide coating supplies a great many more electrons at a 
lower temperature than does the pure-tungsten filament, when 
operating at white heat. 

The tlioriated tungsten filament is used in the smaller power- 
tubes you will find in your broadcast-receiving set and for public- 
address sets. This type of tungsten filament contains a small 
amount of thorium. It is much more efficient as an electron 
emitter than is the pure-tungsten filament, when operating at a 
lower temperature. However, it does not equal the efficiency of 
the oxide-coated filament. 

The tube manufacturer recommends a certain filament and plate 
voltage that has been found by extensive tests to be best for this 
particular tube. When either the A- or B-battery voltage drops, 
the action of the set becomes poor. 

How are the grid and plate made? The grid of fine wire is 
formed into a coil and is placed around the filament (see Fig. GO). 
It is supported by wires fastened into the glass stem. The plate 
is a rectangular tube of sheet metal, stamped and welded into 
shape, surrounding both the grid and filament. The metal used 
in the grid and plate is molybdenum, nickel, or tungsten, some- 
times coated with chromium or magnesium oxide to fill the pores 
of the metal and to keep out air during manufacture. These coat- 
ings also act as getter .v to absorb any free gases boiled out of the 
metal or glass during the final manufacturing stages of the tube. 

Why must no gas remain in the tube? The operation of the 
tube depends upon a very high degree of vacuum and upon this 
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Fig. 66. This is a sectional drawing of a triode tube showing all of its elements 
inside the cutaway plate. Note the construction and wiring inside the tube base. 

degree of vacuum’s remaining unchanged. If any air or other gas 
remains in the tube, its operation becomes so poor that the tube 
must be discarded. Gas may be detected in 
the power tubes by a purplish glow around 
the elements. This glow results from ion- 
ization of the air molecules produced by the 
electrons thrown off from the filament. 

How was air removed? The early method 
of exhausting or removing the air from a tube 
was by means of a mercury suction pump. 

When the tube was exhausted to the high- 
est degree possible, it was sealed at the tip. 

The easily broken tip seal was soon discarded 
for a safer seal on the base (see Fig. 67). 

Any air enclosed in the glass or adhering to 
the surface of the metal elements of the tube 
was driven off gradually by the heat of the 
filament. This caused the tube to become gassy and faulty in 
its operation. 



Fig. 67. The base seal. 
The air and other gas 
remaining in the tube 
are removed through the 
glass tube which is then 
sealed. 
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What is the action of the getter? In modern practice, after the 
tube is exhausted and sealed, the remaining air is driven off the 
surface of the metal element and out of the glass by heat generated 
by a loop of wire carrying a high-frequency alternating current. 
Heat is generated in the metal while it is in the field of the loop. 
At the end of the heating, or degassing (de-gassing), process, the 
heat is increased enough to ignite, or flash, a gelier, which is a 
small quantity of magnesium or barium compound in a small 
metal cup attached to the grid or plate supports. When the 
getter burns, it takes up the remaining air in the tube. 

Questions 

1. How do gassy power tubes appear in operation? 

2. Wliat steps are used by manufacturers in removing gases from radio tubes? 

PART 2: HOW TO EXAMINE THE TUBE AND ITS ELEMENTS 

Examine the tube elements. You will feel safer using and 
handling vacuum tubes if you have seen the inside of the tubes 
and know something about how they are made. Collect a sup- 
ply of burned-out tubes to break and study. Break up first any 
one of the various filament -type triodes to examine their inner 
construction. 

What is the meaning of tube numbers? Many methods of 
numbering tubes have been tried but none have proven entirely 
satisfactory. One system is described here. What does 1LE.‘$ 
mean? What is a (>C5 tube? 

For both tubes, the first number gives the approximate fila- 
ment voltage. The “1” in 1LE3 means that this tube lias a 
lyV- or 2-volt filament. (A indicates a Sj-volt filament.) 

The letter was intended to show the purpose for which the tube 
was designed. The letters in the early part of the alphabet were 
assigned to detectors and amplifiers, like the 1LE.S, the (>C 5, and 
the 6L(>. The letter k ‘Z” and a few letters near it were used for 
rectifiers, like 35Z5 and 5Y3. It later became necessary to assign 
two letters, like (>SA7, when the number of tubes outran the 
alphabet. 

The last number indicates the number of working connections, 
exclusive of the shell or metal tube. In any triode there are three 
elements: the plate, the grid, and a heater filament, requiring two 
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connections (four active pins). The 6C5 has a plate, a grid, a 
cathode, and a two-connection heater filament (five active pins). 

A 6C5 metal tube is known as a 6C5. A 6C5 tube with a glass 
bulb and an octal base is a 6C5G. The shorter glass tube of the 
same type is a 6C5GT. 

Break open the tube. Break the glass and examine the differ- 
ent metal parts inside the tube. Each separate operating part 




Fig. 68. Break away the glass envelope and examine the elements of the tube. 
Here the plate has been cut away exposing the grid and filament. Look for the 
getter as you remove the parts of the tube. 

Note the way the plate is shown on the tube symbol. 


inside the tube is called an element. Now use diagonal cutting 
pliers to cut the metal-wire supports of the tube elements (see 
Fig. 68). You will cut each element loose and lay it out on a 
clean piece of paper for examination and study. 

Examine the plate. First cut away the plate supports. The 
plate is the outer metal part. Note its shape and how it is welded 
to the support wires. 
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Trace the wire that runs from the plate to the base prong, or 
pin. Draw a diagram of the tube base as seen from the bottom 
of the tube (see Fig. 68). This is a tube symbol. Show on it 
the number of the pin to which each element is connected. 



Fig. 69. After you break open the glass envelope of the tube, remove the plate 
and grid. Lay each piece on a pieee of paper for further examination. 

Note the way the plate and grid are shown on the tube symbol. 


Examine the grid. Next, cut the supports, remove the grid, 
and examine it. Note the fineness of the grid wire and that turns 
are spaced the same distance apart (see Fig. G9). 

Look closely at the places where the tiny grid coil jus welded to 

the support wires. 

Trace the connections from the 
grid to the base pin. Draw the con- 
nection on the symbol. Lay the grid 
beside the plate. 

Examine the filament. The fila- 
ment wire, which is about 0.002 inch 
in diameter, is almost too fine to see, 
and it will probably be broken (see 
Fig. 70). There will be pieces of it 
attached to the two supports in the 
glass, and so you can see its size. 

Trace its connections to the base 
pins, and show them on your tube 
symbol. 

Your tube has an insulating base in 
which are mounted hollow brass pins. The base is made of some 
suitable plastic or ceramic (porcelain-like) material. Wires run 
from the tube elements through the hollow pins and are fastened 
at their ends by drops of solder. 



Fig. 70. After the tube ele- 
ments are cut away you finally 
come to the filament or what is 
left of it. The filament is 
hair-fine. 

Note the way the filament is 
shown in the tube symbol. 

Examine the tube base. 
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Questions 

1. What effect do you suppose poor contact between the pins and the sockets 
would have upon the operation of a set? 

2. Where is the filament placed in a threc-eleinent tube? 

3. Which clement is placed around the filament and next to it? 

4. Which element is placed around the other two elements? 

5. What two kinds of material were used in the filaments of the older series 
of tubes? 

6. What are some advantages of the material now used in the filaments of 
tubes? 

PART 3: HOW ELECTRONS CAN BE MADE TO FLOW 
THROUGH A VACUUM TUBE 

You are now ready to try the Edison effect that Fleming used in 
his first diode vacuum tube. You will sec llie remarkable effect 
that so amazed Edison and prove for yourself that it actually is 
possible for electrons to flow through a vacuum. 

What is the purpose of this experiment? You are to learn 
in this experiment these important basic radio principles and 
practices: 

1. How electrons can be made to flow through a vacuum 

2. What is one way to control the strength of this electron flow 

3. What is good practice in connecting the vacuum-tube circuit, 
the circuit board, and the batteries 

4. How to operate the experiment 

5. How to read your results on meters 

For this experiment you need the set board described in Chap- 
ter 6 and the other parts shown in Fig. 71. The tube, known as a 
iriode, has one more electrode than the two electrodes that Flem- 
ing’s diode contained, but you will connect the extra electrode in 
such a way that it will not interfere with your results, and you 
will thereby save the cost of a tube for which you will have little 
further use. 

You will use a neon lamp to show when current is flowing. The 
lamp is filled with neon gas that glows with a peculiar red color 
whenever current flows through it. 

Hook Up the Filament Circuit 

Step 1 . Plug the triode tube into the socket. 

Step u 2. Connect the set board to the A battery as follows: 
First, attach wires to the two A terminals on the set board (see 
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Fig. 71). Then clip the ends of the A wires from the set to the 
dry cell (see Fig. 72). 

Caution . Always connect wires first to the set before you con- 
nect them to the battery or other source of electric power. You 
will then be handling electrically dead wires until you actually 
make connections to the power source. This habit will save you 
many dangerous shocks later on when you work with sets using 
high voltages. 



Fig. 71. How to hook up the set. 
Connect the witch first to the set. Why ? 
This is a fine habit to form. Later it 
may save you unpleasant shocks and 
burned-out equipment. 



Fig. 72. Connect the wires last to the 
battery. What might happen if t lie 
wires were connected first to the 
battery? 


Step 3. Check your connections. The polarity must be cor- 
rect. The filament of the tube will heat, if your circuit is cor- 
rectly wired. Now disconnect the wires from the battery, remove 
the tube, and proceed to wire the plate circuit. 


Hook Up the Plate Circuit 

Step 1. Attach the neon tube. Connect the wires from the 
output binding posts to the connectors on the neon-tube socket. 

Step 2. Connect two 45-volt B batteries in scries, and attach 
a wire from the B-minus binding post to the minus terminal on 
the B battery. Attach another wire from the B-plus binding post 
on the set to the B-plus terminal on the battery (see Fig. 73). 

Step 3 . Remove the effect of the grid electrode from the circuit 
by connecting a wire between one terminal of the output and one 
terminal of the input circuits (see Fig. 73). 
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Test 1 : The Electron Flow with the Filament Hot and the Plate 
Positive 

How to Run the Tent. Plug the 1LE3 tube into the tube socket 
and connect both wires to the A-batterv terminals. Current from 
the A battery now flows through the filament. What happens? 

The filament temperature can be controlled by a rheostat 
connected in series in the filament circuit. 



Flo. 73. Finally, connect the 15 battery to the set. By using this process you 
a\oi<l burning out the filament by accidentally connecting the B battery to the 
wrong terminals. 

Watch the color in the neon glow tube as you change the filament 
temperature. What is the effect on the color as the filament 
temperature increases ? 

Why It Works. The filament heats when a current from the A 
battery flows through it. Caution. Be sure you have the correct 
filament voltage. Excessive voltage causes enough current to 
flow to burn out the filament wire. 

As the temperature of the filament increases, the intensity of 
the glow in the neon tube increases. This means that more current 
is flowing through the circuit. What is the source of the current 
which flows through the neon tube? 

The filament gives off electrons when heated. It gives off more 
electrons as its temperature increases. A flow of electrons is called 
an electric current, so the filament is the source of the electrons 
which cause the brightness of the color to change. 
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But how do the electrons get from the filament to the glow tube? 

You know that the electrons are negative. The B battery acts 
as an electric pump and pulls the electrons from the plate. When 
there are not enough electrons on the surface, we say the plate is 
positive . Unlike charges attract, so the positive plate, which wants 
electrons, attracts the electrons thrown off by the hot filament. 

The electrons reaching the plate flow through the neon tube to 
the B battery, causing the neon tubes to glow. The electrons are 
returned by the B battery to the filament through the plate-return 
wire. 

Test 2: The Electron Flow with the Filament Cold and the 
Plate Positive 

IIow to Run the Test . Remove a battery wire so that no filament- 
heating current can flow. 

The B battery is on when the tube is plugged into the socket. 
Observe that the neon tube does not glow. 

Why It Works. Why does no color show in the neon tube? 
The neon tube glows only when a current of electrons flows 
through it. 

This test shows that even with the strong pull of the 90-volt 
B battery, no electrons flow through the circuit. Why is this? 

When the A battery is off, the filament is cold. The only pur- 
pose of the A battery is to heat the filament. Cold metals do not 
give off electrons under these conditions. Therefore, no current 
flows through the tube. 

Test 3 : The Electron Flow with the Filament Hot and the Plate 
Negative 

IIow to Run the Test. Turn off the tube filament. 

Reverse the two wires in the plate circuit connected to the B 
battery, so that the negative terminal is now connected to the 
plate. 

Watch the tube color with the filament cold. Observe that 
there is no plate current flowing. 

Heat the filament once more, and again watch for the change in 
color in the neon tube. Does the neon tube glow? Do electrons 
flow from the plate to the filament ? 
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Why It Works. There is no colored glow with the filament 
either cold or hot. No electrons flow through the tube either 
time. Why is this so? 

You expect no colored glow with a cold filament. No electrons 
are attracted to the plate. 

Perhaps, however, you expect a colored glow when the filament 
is heated. But there should be no glow, because the plate is now 
negative. 

The plate is negative because it has too many electrons. The 
electrons on the plate repel the electrons in the space charge around 
the filament. No current will flow under these conditions. 

The current will not flow from the plate to the filament, because 
no electrons are thrown off the cold plate. 

Questions 

1. Make a drawing of a tube eireuit board. Fse a dotted line for the filament 
circuit, a solid line for the plate circuit, and a double line for the grid circuit. 

2. List several ways for attaching wires to the binding posts. 

A Summary of the Tube Action 

1. Electrons boil off the hot filament. When the filament is 
heated, electrons boil off its hot surface. You proved that the fila- 
ment must be hot, because the neon tube glowed in the first test 
but failed to glow when the filament was cold, in the second test. 

The A battery does just one job. It supplies current to heat 
the filament in order to boil electrons out of the filament material. 
These electrons form an invisible cloud, called a space charge , 
around the filament. 

2. Electrons flow through the tube when the plate is positive. 

When the positive terminal of the B battery was connected to the 
plate, the positive plate attracted the negative electrons, and a 
stream of electrons flowed through the tube to the plate from the 
space-charge cloud surrounding the filament. 

The B battery makes the plate positive, when its positive termi- 
nal is connected to the plate, by drawing free electrons from the 
plate. You may understand its action better if you think of the 
B battery as an electron pump that pulls free electrons off the plate, 
thereby making it so highly positive that it pulls electrons to itself 
from the space charge. The pumping action of the B battery also 
forces free electrons into the filament. 
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3. No electrons flow through the tube when the plate is nega- 
tive. When you made the plate negative by reversing the B bat- 
tery, the neon tube remained dark, even though the filament was 
hot. This was because the negative plate repelled the negative 
electrons in the space charge and prevented their moving across 
the empty space inside the tube. 

4. Electrons flow through the tube in only one direction. Elec- 
trons flow from the filament to the plate. If we make the plate 
negative by reversing the B battery, the plate repels electrons in 
the space charge. None will flow to the plate. The neon lube 
remains dark. You will find many valuable uses for this electron 
stream in both radio receiving and transmitting circuits. 

Questions 

1. List the parts which make up the filament circuit. 

2. List the parts which make up the plate circuit. 

3. Why should the battery be the last part you connect to the set? 

4. What advantages has the neon tube over a meter in this hookup? 

5. Would electrons boil off a hot filament as readily when the tube is filled 
with air as when it is evacuated ? Explain. 

6. If the B battery is disconnected, what happens to the electrons in the space 
charge when the filament is allowed to cool off ? 

PART 4: HOW THE GRID, THE CONTROL ELEMENT, IS USED 

What Is the Purpose of the Grid in a Vacuum Tube? When 
De Forest bent a piece of wire into a rudely shaped grid and 
sealed it into his tube, he made possible the radio industry as we 
now know it. In the history of this man’s life is a fascinating 
chapter in the development of radio — the story of his work lead- 
ing up to the revolutionizing grid. It is well worth reading. 

De Forest knew that like charges repel each other and unlike 
charges attract. He knew that he could force free electrons onto 
the wire grid by attaching a battery to the ends of the wires out- 
side of the tube. He reasoned that free electrons on the grid wires 
would affect the electrons streaming across the space inside the 
tube. 

Grid -control Experiment 

Now set up an experiment and see how this grid can control 
the flow of electrons through the tube. Use the same tube circuit 
board that you used in studying the vacuum tube (see Fig. 74). 
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Fig. 74. This is the way to hook up the tube board for the grid test with grid 
negative. For the test with the grid positive, reverse the C battery. 

Hookup 

Step 1. Attach the filament A battery. Use a 1^-volt dry cell. 
Step 2. Attach to the output binding posts the 1-watt neon 
glow tube. 

Step 3 . Attach 90 volts of B battery to the B binding posts. 
% This can be two 45-volt B batteries connected in series. 



Fig. 75. The schematic diagram of the circuit used for the grid test. 

Test 1 : When the Grid Is Made Negative 

Step 1 . Attach test points to the A and G posts on the set 
board (see Pigs. 74 and 75). Clip the A-minus connecting wire 
to the plus end of the C battery. 
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Note . Make the C battery from a group of 20 flashlight cells 
wired in series. Build a small box for these cells. 

Step 2. Touch the test point from the G post to the first flash- 
light cell at the C-plus connecting wire. Move this test point 
from cell to cell. This will gradually make the voltage on the 
grid increasingly negative. Watch the brightness of the neon 
glow tube change. Continue until you have connected all of the 
flashlight cells into the circuit, at which time the test point will 
be placed as in Fig. 74. 

Why It Works 

When you touched the test point from the grid to the C battery 
at a point several cells away from the plus terminal, the dimming 
of the neon tube showed what was happening. The C battery 
forced a few free electrons onto the grid. These electrons, which 
could not leave the cold grid, repelled electrons passing near the 
grid on their way from the filament to the plate. As you moved 
the test point to the next cell of the C battery, making the grid 
more negative, you finally discovered that the glow in the neon 
tube disappeared. This showed that so many free electrons were 
on the grid that they were able to repel all passing electrons so 
strongly that none reached the plate. Their repelling effect was 
stronger than the pull of the positive plate. When this effect 
occurs we say that the tube is biased to cutoff. This means that 
the grid has been made negative enough to stop completely the 
flow of electrons from filament to plate. When a voltage is applied 
to the grid by means of a C battery, we say that wc have biased 
the grid. 

Rule. A negative voltage on the grid reduces or may even com- 
pletely stop the flow of electrons from filament to plate. 

Test 2 : When the Grid Is Made Positive 

Step 1 . Move the A-minus test point connection so that it is 
attached to the negative end of the group of C batteries. 

Step 2. Now touch the G-post test point to the first flashlight 
cell at the C-minus connecting wire. Again move the test point 
from cell to cell until all the battery is connected in the circuit. 
This will gradually make the voltage on the grid increasingly 
positive. Watch the glow tube as before. 



PRINCIPLES OF THE VACUUM TUBE 


121 


Why It Works 

When you reversed the connections to the C battery and made 
the grid positire, the battery pulled the free electrons from the 
grid, leaving it more positive than it was before. The positive 
grid then attracted electrons near it in the space charge and set up 
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High-voltage Rectifier Tubes 


Electronic tubes such as these have undergone many improvements in recent 
years. In this installation, these liigh-voltage rectifier tubes change alternating 
current into the direct current used for radio transmission. Automatic relays 
are used for changing tubes without interrupting broadcasting. 

two effects: (1) In spite of the fact that electrons in the space 
charge were attracted toward the grid, the positive plate was 
strong enough to pull most of the electrons through the grid to 
itself before they touched the grid. The pull exerted by the posi- 
tive grid added to the pull of the positive plate and caused more 
electrons to flow. On their way to the B battery, these electrons 
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made the neon tube glow more brightly. (2) A few electrons near 
the grid in the space charge jumped onto the positive grid. The 
grid acted like a small plate. It collected very few electrons 
because it was much less positive than the plate and because the 
area of the wires was so much smaller than the area of the plate. 

Rule. A positive voltage on the grid increases the flow of electrons 
from filament to plate without drawing very many passing electrons to 
the grid . 


Questions 

1. Will doubling the grid voltage also double the plate current? 

2. Suppose you connect enough batteries in the grid circuit to shut off the 
plate current completely. What then would happen if you doubled the plate 
voltage ? 

3. If a positive grid attracts electrons, why do most of the electrons go past 
the grid to the plate? Suggest a way to cause most of the electrons to stop 
on the grid. 

Technical Terms 

A battery — Either dry cells or a storage battery used to heat the filament, 
ampere — The word used to indicate the amount of flow of electricity. The 
ampere is the unit of the flow of electricity. 

Bakelite — An insulating material, a plastic. 

base pins — Small brass tubes set in the tube base. The pins are arranged so 
that they will fit into the tube socket only in the correct way. Wires from 
the tube elements pass through the pins and are soldered to the tips of the pins. 
B battery — A high-voltage battery used in the plate circuit to make the plate 
positive. 

C battery — A medium-voltage battery connected in the grid circuit to keep the 
grid negative and thus prevent distortion, 
conductor — A wire, metal, or a solution through which a current of electricity 
will flow. 

diode — A two-element vacuum tube. A diode contains a filament and a plate, 
element — The operating parts of a vacuum tube are called the elements, c.</., the 
filament, the grid and the plate. 

filament — The fine wires in the vacuum tube which, when heated, supply the 
free electrons in the tube. 

getter — A small metal cup or plate filled or covered with magnesium and welded 
to the plate support, used after the air is exhausted from the tube to get, or 
absorb, all remaining air or gas driven out of the glass and metal by heating, 
glass stem — The part of the glass in a vacuum tube that supports the tube 
elements. 

grid — A coil of fine wire supported between the filament and the plate of the 
tube. The grid controls the flow of electrons through the tube. 



PRINCIPLES OF TIIK VACUUM TUBE 


123 


grid circuit — The grid of the tube, the tuning circuit, and the grid-return wire 
attached to one filament lead; the input circuit of the tube. 

Nichrome — A high-resistance wire made of alloy metal, 
octal — A word meaning eight. An octal tube lias eight pins, 
ohm — A word used to indicate the unit of resistance. An ohm represents a 
resistance through which 1 volt can force 1 ampere of current. This is known 
as Ohm’s law. 

plate circuit — The output circuit of the tube, which consists of the plate, the 
earphones, the speaker or amplifying transformer, the B battery, and the plate- 
return wire connected to the tube filament, 
plate current — The current, generally a few milliamperes, flowing in the plate 
circuit. 

plate return “The wire connecting the plate circuit to the tube filament, 
space charge — The cloud of electrons surrounding the heated filament, 
thoriated filament — Filaments of tungsten to which traces of thorium have been 
added during manufacture. 

thorium— A metal used in filaments to produce a more plentiful supply of 
electrons. 

tip seal -The point on the older glass tubes where the air was removed from the 
tube. This seal broke easily and was later replaced by the base seal, 
triode — A three-element vacuum tube. A triode contains a filament, a grid, 
and a plate. 

tungsten — A hard metal of high resistance used in tube filaments, 
vacuum — The absence of gas. As much gas as possible has been removed from 
vacuum tubes. 
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WAVE-FORM PICTURES 


The action of alternating-current surges and the flow of direct 
currents in radio and in electrical circuits are often difficult to 
explain in words. But you can draw pictures which show current 
action that would take many words to explain. 

In this chapter you will learn what wave-form pictures of simple 
alternating and direct currents look like and how to read their 
meaning. 

If a cathode-ray oscilloscope is available, you can see the actual 
wave shape of a current as it is traced out by a moving colored 
line. This makes the study of the simple wave forms much more 
vivid and clear. 

You can also study the electron action in radio transmitting and 
receiving circuits by using wave-form pictures. 

In this chapter you will learn the following things: 

Part 1 : How to Study Electron Flow by Wave-form Pictures 

Part 2: How to Use the Oscilloscope to Study an Alternating Current 

Part 3: How to Read and Draw Wave-form Pictures 

Part 4: How Strength, or Amplitude, Is Shown on the Oscilloscope 

Part 5: How High and Low Frequencies Are Shown on the Oscilloscope 

Part 6: How a Pulsating Direct Current Is Shown on the Oscilloscope 

Part 7: How Wave Forms of Rectified Alternating Current Are Shown 

PART Is HOW TO STUDY ELECTRON FLOW BY WAVE-FORM PICTURES 

Why are wave-form pictures used? As we have said, it is 
often easier to use a picture, or diagram, than to explain in words 
the action of the electrons flowing in even the simplest radio 
circuits. 

In some cases this action can be shown clearly by means of 
electron-flow arrows on a diagram. But to show the action of 
electron currents as they change in direction from moment to 
moment, it is customary in electrical and radio discussions to 
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depend on diagrams called wave-form 'pictures. A student must be 
able to read many kinds of diagrams and to understand their 
meaning. 

How are wave-form pictures formed on the oscilloscope screen? 
Of the many instruments used to introduce the nature of elec- 
tricity to a student, none has been as clear and as valuable as the 
cathode-ray oscilloscope (see Fig. 76). The wave forms shown by 
the oscilloscope make clear the action of electricity in radio cir- 
cuits and in the simple circuits of the ordinary electrical apparatus 
used in the home and elsewhere. 

When the oscilloscope is properly adjusted, the electron stream 
traces on the screen of the tube lines or curves that show in clear 




Fig. 76. The cathode-ray oscilloscope shows wave-form pictures. 

form the action of the electrons as they flow in the circuit that is 
being studied. 

How much simpler it is to study these wave forms than to use 
diagrams or wordy explanations! The trace of the line or of 
the curve can be seen and studied at your pleasure merely by 
making proper attachments to the circuit and by turning on the 
oscilloscope. 

How are the oscilloscope wave pictures used? The diagrams 
in this chapter show the actions of electrons flowing in different 
types of circuits and also the wave shape of the direct-current and 
alternating-current flow. 

The diagrams in this chapter are drawn from the traces of the 
cathode-ray oscilloscope. The traces have been taken apart for 
study and have been simplified. You will study, then, parts of 
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wave-form pictures redrawn (re-drawn) from the curves traced on 
the oscilloscope screen by the millions of dancing electrons. 

The cathode-ray oscilloscope shows the changes in voltage that 
occur in the part of the radio circuit to which it is attached. It 
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Hytron Radio & Electronics Corp, 

Wave-form Pictures 

This engineer is examining the wave-form picture of an operating circuit. 

shows these changes as they take place, unless they occur so fast 
that it is impossible to see them. Changes which repeat them- 
selves in a steady pattern are easy to see and to study on the 
“ scope.” 
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What is an oscilloscope? We shall now give a greatly simplified 
explanation of the cathode-ray oscilloscope: It is an instrument 
arranged to cause a tiny fluorescent spot to move across a screen, 
forming the lines and patterns that we call wave-form pictures. 
In the early oscilloscope a tiny mirror was moved by current flow- 
ing through coils suspended in a magnetic field. A beam of light, 
reflecting from the mirror, “drew” on a screen the lines of the 
wave-form pictures being studied. In the more modern cathode- 
ray oscilloscope, a moving beam of electrons in the cathode-ray 
tube draws a glowing fluorescent trace to show the wave form. 

The cathode-ray oscilloscope has come into wide use in recent 
years as an instrument that gives an instant-by-instant picture of 
the action of the electron flow at any point in a radio set. The 
cathode-ray oscilloscope is not particularly new, but the wide use 
of the same type of tube in television and in radar during the war 
did much to popularize this instrument and to increase its use by 
radio servicemen, schools, and experimenters. 

How will you use the oscilloscope? At this early stage in your 
study of radio, you will learn only the general operating principles 
of the oscilloscope and how to attach it to simple radio and electri- 
cal circuits. You will learn to use the oscilloscope as a new form 
of meter. You will also learn to interpret the straight anti curved 
line of the wave pictures it produces. 

The electron beam, which has practically no weight, can be made 
to follow the current or voltage changes in a circuit even though 
they occur millions of times per second. 

What can wave pictures tell you? Two simple wave-form pic- 
tures may give you some idea of the ease with which even compli- 
cated actions of electrons in a circuit can be represented as a line 
on the screen of the oscilloscope. 

The straight-line picture of Fig. 77 shows you a steady direct- 
current voltage that is five units strong. The wave picture in 
Fig. 78 tells you that the direct-current voltage is changing in 
strength at a regular rate. It regularly becomes stronger, weaker, 
stronger, and so on. 

What are the operating principles of the cathode-ray tube? 

Electrons, released by a hot cathode, are shot through the 
long tube by high voltage (see Fig. 79). The electrons are 
focused into a ray, or beam, as they stream through electrically 
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charged metal cylinders, in much the same way that light is focused 
into a beam by lenses. 

The electron beam strikes the fluorescent willemitc coating, 
or screen, on the tube and makes a glowing green spot of 

? 
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I 

5 units of 
voltage 

I 
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_ \ 
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'——This line represents zero 

voltage. It Is on the plastic screen. 

Fig. 77. This is the wave-form picture of a steady, direct-current voltage. 

light, in much the same way that light is produced in fluo- 
rescent lamps. The coating glows, or fluoresces, at the spot 
where the beam strikes, and the spot moves when the beam moves. 

Some tubes are made so that 
the glow is bright enough to be 
photographed. 

The beam is swept across the 
screen. A special electrical cir- 
cuit called a horizontal sweep cir- 
cuit rapidly moves, or sweeps, 
the beam back and forth across 
the screen to form a straight 
colored line. This sweep circuit 
is connected to the plates inside 
the tube, so placed that the elec- 
tron beam passes between them 
(sec Fig. 80). The circuit is 
arranged so that voltages pro- 
duced by the sweep circuit force 
electrons onto one plate and pull them off the other. The surplus 
electrons on the negative plate repel the electron beam, while 
the other plate, which is positive, attracts the beam. The sweep- 
circuit voltage changes direction at a rate which can be varied from 
about sixty times to several thousand times a second, so that the 
beam is swept back and forth at the same rate. Knobs on the 
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Fig. 78. This is a wave-form picture 
of a direct-current voltage that is 
changing in strength at a regular rate. 
The zero voltage line is on the gradu- 
ated screen that covers the face of the 
cathode tube. 
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instrument panel enable you to control the number of times per 
second that the spot sweeps across the screen. Another knob con- 
trols the length of the line across the screen. Other knobs control 
the intensity and focus of the spot. 

The beam can also be raised or lowered. Another pair of 
metal plates is set in the tube above and below the electron beam 



1000 vo/ts 

Fig. 79. Parts of a cathode-ray tube. The cathode element furnishes the elec- 
trons, another element accelerates them, and another focuses them into a beam 
that becomes visible when it strikes the coating on the screen. 



Fig. 80 . These flat metal plates are set into the tube so that the electron beam 
passes between them. The plates are connected to a sweep circuit, which drives 
electrons on and off the plates and moves, or sweeps, the beam back and forth 
across the screen. 

(see Fig. 81). Connections between these two plates and the part 
of the circuit you are studying are made through binding posts on 
the panel of the scope. When the connections are properly made, 
electrons on these plates raise or lower the beam. A voltage 
difference across the part of the circuit being studied forces elec- 
trons onto, let us say, the lower plate and makes it negative. This 
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Fig. 81 . There are also a pair of plates set vertically above and below the beam. 
These plates are connected to the binding posts on the front of the oscilloscope. 
When you connect a circuit to them, the spot is moved up and down by the 
changing electron pressure on the plates. 



Fig. 82. A simplified diagram of the cathode-ray oscilloscope. Note the prin- 
cipal controls shown in the diagram. 


repels the beam, and at the same time the electrons are pulled off 
the upper plate, which becomes positive and attracts the beam, 
so that it moves toward the upper plate. If the direction of elec- 
tron flow changes in the circuit you are studying, the voltage on 
the plates will change and the beam will drop. The line on the 
screen in Fig. 81 is being traced by a rapidly changing voltage 
on the vertical deflection plates. 
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The complete simplified circuit of the oscilloscope is shown in 
Fig. 82. 

Both voltage and current operate the oscilloscope. As was just 
explained, a voltage difference, or voltage drop, across some part 
of a circuit is used to operate the cathode-ray tube. According to 
Ohm’s law, the voltage drop is found by using the formula E = IR. 

Therefore, when you connect the leads from the scope to the 
two ends of a resistor in the circuit you wish to study, the move- 
ment of the electron beam corresponds to the changes in voltage 
(E) across the resistor. But since the resistor value remains the 
same, the voltage drop follows the current-flow changes in this 
part of the circuit. 

So, indirectly, the motion of the electron beam measures the 
changes in current strength, that is, the changes of electron flow, 
in either a direct current or an alternating current. 

Note. When a direct-current voltage is connected to the V bind- 
ing posts, the spot may move upward or downward for a moment 
and then return to the reference line, or zero position. This hap • 
pens because a small series fixed condenser is connected in the 
circuit and the line moves while the condenser is charging, then 
returning to zero. In some oscilloscopes this condenser is omitted. 

PART 2: HOW TO USE THE OSCILLOSCOPE TO STUDY 
AN ALTERNATING CURRENT 

What is an alternating current? As you will recall, any electri- 
cal current is a flow of free electrons through a wire or other con- 
ductor. In a direct current the electron flow is in one direction, 
but in alternating current the electrons flow first in one direction, 
then in the other. The oscilloscope can show clearly how the flow 
of the electrons in an alternating current changes from moment to 
moment. 

Examine the graduated screen. Look at the removable screen 
that is used to cover the face of the tube in most oscilloscopes. 
A set of evenly spaced lines is printed on the transparent plastic 
cover and serves much the same purpose as the numbers and marks 
on a meter scale. You can use the graduated screen as the base 
lines of a graph. The heavy lines are the X and Y axes (see 
Pig. 84). 

You will learn later how this ruled screen makes it possible to 
use the oscilloscope as a voltmeter. 
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Show the alternating-voltage wave on the oscilloscope. You 

can use the oscilloscope to show the wave-form picture of an 
alternating voltage by connecting the secondary of a toy trans- 
former to the binding posts that are connected to the vertical- 
deflection plates on the cathode-ray tube (see Fig. 83). 

We know that the electron flow in the wires of the circuit feed- 
ing the transformer is constantly changing. As the rotor in the 
alternating-current generator at the powerhouse turns, it sends 
the electrons flowing in one direction through the power wires. 
Then it causes them to flow in the other direction. An electron 
flow in one direction followed by a flow in the opposite direction 



Fig. 83. Using an oscilloscope to study the wave form of the alternating current. 


is called a cycle. Each half cycle, where the electron flow is in a 
single direction, is called one alter nation. 

Now do an experiment to show wave-form pictures of one alter- 
nation and one cycle on the oscilloscope. 

Experiment . You will now use the oscilloscope to show the 
action of the GO-cycle alternating current. Names of controls 
vary on different oscilloscopes. Follow the instructions that fit 
your oscilloscope. 

Step 1 . Attach wires from toy transformer to Y input of the 
oscilloscope (see Fig. 83). As a safety precaution make these 
connections before plugging in transformer or oscilloscope to 
power outlets. This prevents a spot being burned on the screen. 

Step 2. Now plug in the transformer and the oscilloscope. 
Turn on the power switch of the oscilloscope. 

Step 3. Adjust the V. GAIN and the H. GAIN controls to get 
a pattern on the screen. Adjust INTENSITY and FOCUS con- 
trols to get a bright, sharp pattern. 
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Step i. Set selector switch to “INT.” 

Step 5. Set the sweep-range STEPS control to the range that 
includes 60 cycles. 

Step 6. Set the sweep switch (above selector switch) to SS OSC. 

Step 7. Adjust the vernier to get a single sine wave. 

Step 8. Adjust LOCKING control to hold sine wave pattern. 

Step 9. Center the sine wave pattern by adjusting the UP- 
DOWN and the L-lt positioner controls. 

This is the wave picture of the 60-cycle alternating voltage. 
This voltage is the sort delivered by many electric-light plants. 

Questions 

1. What causes the glowing lines to appear on the end of a cathode-ray tube? 

2. What are wave pictures? 

3. What is the purpose of the sweep circuit in an oscilloscope? 

4. What is the purpose of the two metal tubes in the small end of the cathode- 
ray tube ? 

6. What is an alternating voltage? 

6. Is there a steady flow of electrons in an alternating current? 

7. Do the electrons in an alternating current always flow in the same direction ? 

Why It Works . But how do the electrons raise and lower the 
spot? When voltage caused by the electron flow in the circuit 



Fig. 84. The beam moves upward when electrons are forced on the lower plate 
and electrons are pulled off the upper plate. The electrons on the lower plate 
push up the beam and the positive upper plate pulls up the beam. 

being studied makes the upper vertical-deflection plate of the 
cathode-ray tube positive, the lower plate of the pair becomes 
negative. This forces the beam upward. Operating alone, these 
two plates would make the spot move up to point A on the screen, 
thus tracing a vertical line (see Fig. 84). The alternating current 
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in the transformer causes a voltage that is constantly changing 
across the vertical-deflection plates. At first it forces a few elec- 
trons onto the lower plate and pulls the same number off the top 
plate. The cathode-ray beam begins to rise. As more electrons 
are forced onto the lower plate, the line rises higher. The spot 
rises to a peak, or maximum value, and then begins to drop back 
to zero. 

The sweep also moves the spot across the screen: At the same 
time that the electrons raise or lower the spot, the sweep circuit 



upward and downward pulls of the V plates form this half of the sine curve or 
sine wave. 

connected to the horizontal-deflection plates is pulling the spot 
back and forth, left and right. 

Settings of knobs (usually three of them) control the rate at 
which the sweep circuit pulls the spot to and fro across the screen. 
Properly set, they cause the electrons to surge on and off the two 
horizontal-deflection plates in step with the surging of the elec- 
trons on the vertical-deflection plates. While the spot is being 
pulled halfway across the screen by the sweep, it is also forced 
upward by the voltages across the two V plates during the first 
part of the half cycle and then dropped back to zero at the end 
of the half cycle. The line in Fig. 85 shows where the sweep 
circuit and the II plates move the beam. 

During the second half of the cycle, the generator is pulling the 
electron flow in the circuit in the opposite direction. In the tube 
the electrons now are forced onto the upper plate and are pulled 
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off the lower V plate (see Fig. 86). The beam is now pulled down- 
ward in a curved path. It reaches a peak and then returns to the 
zero line. 

Why does the line stay on the screen? The whirling generator 
at the power plant that supplies your alternating current runs 
steadily, forcing the electrons in the circuit to flow first in one 
direction, then in the other. 

The sweep circuit, which you adjust by means of the frequency, 
synchronization, and vernier controls (see Fig. 82), returns the 



Fig. 80 . When the current in the transformer reverses, it forces electrons on the 
upper plate, pulls them off the lower plate, and causes the beam to drop. But the 
effect of the sweep, acting at the same time, combines to form the lower loop of 
the sine curve. 

beam to the starting position at the beginning of the second cycle, 
and the glowing spot travels back over the same path on the screen. 
This gives you a wave-form picture of the steadily repeating elec- 
tron flow in the circuit you are studying, and it shows how the 
strength of the voltage from the transformer changes from instant 
to instant. 

PART S: HOW TO READ AND DRAW WAVE-FORM PICTURES 

After you make a drawing of a simple sine wave, you can under- 
stand how the patterns you observe on the oscilloscope screen 
describe the changing electron flow that goes on in a radio circuit. 

You will use curving lines to show the changes in strength of 
current, or voltage. When the line slips away from the time line, 
the voltage is getting stronger. When the line is drawn toward 
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the time line the voltage is getting weaker. No electrons are flow- 
ing through the wire at the node point, or point at which the curve 
touches the time line. 

Draw the time-measuring line. You will draw a horizontal line 
called the time line (see Fig. 87). On the time line you will mark 
off equal spaces which show the time required for each alternation 
of the alternating current. In a (iO-cycle current the first point 
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Fig. 87. Base lines for wave pictures with measurements. 

marked off will represent 5V second between the zero mark and 
the end of the first half cycle. 

Draw the amplitude- or strength-measuring line. Now you 

need a line to use for measuring the strength of voltage surges. 
You will draw a vertical line for this purpose (see Fig. 88). It is 
called the amplitude , or strength, line, and it, too, is marked off in 
equal spaces that you will use to represent variations in amplitude, 
or strength. 

Draw a positive voltage loop. The wave-form picture in Fig. 88 
shows a loop of voltage. At point A the electron flow has just 
begun. At point B, the peak of the curve, the electrons are 
exhibiting the maximum amount of flow. At point C on the 
curve the current has almost stopped flowing. 

Let us agree that electron flow in one direction in a wire will be 
called positive and flow in the opposite direction negative. 
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It has become standard practice to draw the positive loops 
above and the negative loops below the time line. This is done 
only as a matter of convenience. 

The node is a point of no current flow. At the T^-second point 
on the time line, the current flow has momentarily stopped. The 
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Fig. 89. This diagram shows (lu- negative loop. It is the second alternation of 
current. 


generator at this period is driving no free electrons through the cir- 
cuit wires. So just for an instant, no current flows. Then the 
electrons start their return journey in the opposite direction. The 
point on the time line where no electrons are flowing is called a node. 

Draw a negative voltage loop. Now, in the wave-form picture 
in Fig. 89, you see much the same electron travel occurring during 
the next second as you saw in Fig. 88, for the time interval 
between 0 and j^-<> second, but here the current flow, or electron 
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flow, is in the opposite direction. You draw the curve as in Fig. 89, 
but the loop is now below the time line instead of above. This 
curve is called a negative loop, or a negative alternation of voltage. 

What is a cycle? In Fig. 90 you see the wave-form picture of a 
complete single cycle. First there is a positive loop, where the 
electrons flow in one direction; then the node point, where no cur- 
rent flows; and finally a negative loop, where the voltage drives 
the current in the opposite direction. The three parts combine to 



Fig. 90. This diagram shows a complete cycle of alternating current. Note that 
one cycle consists of a positive alternation and a negative alternation. 

form a picture of two alternations, which make one complete elec- 
tron round trip, or one complete cycle of alternating current. The 
mathematical name of this curve is a sine wave. 

Questions 

1. What is the purpose of the straight horizontal line in a wave-form picture? 

2. What is the purpose of the straight vertical line in a wave-form picture? 

3. Is a positive voltage represented above or below the horizontal line? 

4. Where is the negative part of the cycle represented? 

5. One loop above the line represents what part of an alternating current? 

6. A wave-form picture including one loop above a line connected to one loop 
below the line represents what part of an alternating-current wave picture? 

7. What are electrons doing at the instant shown by the node in a wave-form 
picture? 
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PART 4 : HOW STRENGTH, OR AMPLITUDE, IS SHOWN 
ON THE OSCILLOSCOPE 

The amplitude of the wave, or the maximum strength, is shown 
by the height of the curve on the screen of the oscilloscope. This 
is shown by the following experiment: 

Experiment 

Step 1. Connect the 6- volt terminals of a toy transformer to 
the vertical posts on the oscilloscope. 

Plug the cord from the transformer into an alternating-current 
outlet. 


Fig. 91. 
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This wave picture shows a strong voltage. It has a high amplitude. 


Step 2. Adjust the height of the sine wave to £ inch by means 
of the vertical-gain control. 

Step 3. Reset the toy transformer to 12 volts. Measure the 
height of the loops. They should be exactly twice as high as in 
Step 2, or 1 inch high. (Do not change the setting of the gain 
control.) 

Step 4- Repeat for different voltages. Check the height of the 
loops for each voltage. 

The curves shown in these diagrams have the same shape for 
both current and voltage. Now examine some wave-form pictures 
to see how they show voltages of different strengths. Figure 91 
shows a wave-form picture of a strong voltage. 

The same scheme is used for showing a weak voltage. You 
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find that the sine wave of a weak voltage may be drawn as easily 
as for a strong voltage by making the loop low (see Fig. 92). 

Now turn on the light in the room in which you are sitting. 
You can use an oscilloscope to watch the changing voltage of the 
alternating current that lights the lamp overhead. You can see 
that the electron flow is caused to surge back and forth rapidly. 




Fig. 98. A 60-cycle alternating voltage of an even amplitude. 

as shown by the wave form. The rate will be 120 surges per 
second, or 60 round trips, or cycles, per second. You will notice 
that the amplitude of each surge is the same. Figure 93 shows 
the wave-form diagram for 60-cycle alternating voltage. 

PART 6: HOW HIGH AND LOW FREQUENCIES ARE SHOWN 

ON THE OSCILLOSCOPE jjWs 

The frequency of a wave can be shown by the circuit given in 
Fig. 94. The frequency is shown by the space between the loops 


WAVE-FORM PICTURES 


141 


on the time line. (The time line shows on the plastic screen over 
the cathode-ray tube face.) 

Experiment. Try this experiment to see how this is done. 

Step 1. Connect a carbon microphone, a C battery, and an 
audio or microphone transformer, as shown in Fig. 94. Connect 
the secondary of the transformer to the vertical posts on the 
oscilloscope. 

Step 2. Hum, whistle, or sound a sustained note into the micro- 
phone. Adjust the two gain controls until the wave is about 
1| inches high and well spread on the time line. 



Fig. 94. How to show high and low frequencies. 


Step 3. Whistle into the microphone, starting at a very low 
pitch and gradually increasing the pitch as high as you can. 
Watch the spacing of the loops along the time line. 

Step 4- Repeat with the voice. 

What is frequency? Now try a new thing with the wave-form 
picture. Slow up the time required for each surge, and see how 
this voltage picture will be drawn. If you keep the same space 
on the time line for each hundredth of a second and you use a 
voltage changing direction, or surging, at only 10 cycles per second, 
you will find that the loops are much flatter and the distance 
between the nodes much greater. 

The frequency of an alternating current is the number of cycles, 
or electron round trips, that occur in 1 second. 

Examine a low-frequency picture. The picture in Fig. 95 shows 
a voltage with a frequency of 10 cycles per second. Ten round 
trips, or cycles, have occurred in 1 second. One surge of voltage 
has taken only iV second. This is known as a low-frequency 
' ! ige. 

Examine a high-frequency picture. It is easy, then, to see 
that a voltage with a frequency of 20 cycles per second would be 
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Voltage -twice os strong as shown in Fig.9d. 
Electrons-twfce as many flowing. 

Loops- drawn twice as far from time line, 

| same spacing as for any 20-cycle wave. 



TIME 


Fig. 97. Twenty cycles a second; higher frequency, stronger voltage. 
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drawn as in Fig. 96, in which you must bunch the cycles more 
closely together along the time line to show that many round trips 
occur each second. “High” as used here means fast — high rate 
of speed. 

Frequency here does not affect the current or voltage 
strength. You may draw the loops either high or low, depend- 
ing upon the strength of either high- or low-frequency voltages. 
A 20-cycle alternating current is shown in Fig. 96. This voltage 
has the same frequency as the voltage in Fig. 97, but the latter is 
stronger, as is shown by the higher amplitude of the loops above and 
below the time line. The current must build up and die out very 
quickly in high-frequency surges. 


Questions 

1. There are two wave pictures in Fig. 98. Which represents the stronger 
voltage ? 

2. Explain in terms of direction of electron flow the meaning of the terms plus 
and minus in an alternating current. 

3. What is the frequency of the alternating current the power companies use 
for ordinary lighting and power circuits ? 



Fig. 99. 


4. If this line represents a wire in your house circuit, how many 

times per second do the electrons flow from left to right? How many times per 
second do they flow from right to left ? 

5. There are two wave pictures in Fig. 99. Which represents the higher 
frequency ? 

6. On what line is strength measured ? 

PART 6: HOW A PULSATING DIRECT CURRENT IS SHOWN 
ON THE OSCILLOSCOPE 

Experiment. In this experiment you will examine a wave pic- 
ture of a pulsating direct current. 

Step 1 . Set up the oscilloscope, and turn on the intensity 
control. 

Step 2. Connect a tungar bulb to a storage battery, as shown in 
Fig. 100. 



144 


UNDERSTANDING RADIO 


Step 3. Connect the test point to the V binding posts on the 
oscillograph. 

Step 4. Connect a toy transformer to an alternating-current 
outlet. 

Step 5. Attach the test points to the output of the toy trans- 
former, set for 6 volts. 

Step 6. Adjust the gain controls until the sine wave shows 
about 2 inches high. Attach the test points to the terminals of 
the battery which is being charged. 

The sine curve you see when the test points are on the trans- 
former terminals shows a 60-cycle alternating current. When you 



Tunaar Storage Toy Oscit/ograph 

rectifier battery transformer 

Fig. 100. Show pulsating direct current by connecting a tungar rectifier to the 
oscilloscope as shown here. 

change the test points to the output of the tungar rectifier, half 
the current has been stopped by the rectifier tube, and you see 
remaining a pulsating direct current. By connecting the test 
points to the output of a receiving circuit across the phones or 
the primary of an audio transformer, you can see a pulsating 
direct-current voltage, which is in the form of an alternating cur- 
rent (called the alternating-current component of a direct current). 

Inside of the oscillograph, a condenser is connected to the V 
binding post. This condenser charges and discharges with the 
pulsations of direct current, producing a sine wave on the screen 
which looks like an alternating current. 

When you attach the test [joints to C-volt battery, this con- 
denser charges, and you see the green line jump sharply upward. 
Then it settles back to zero again when the charging current flow 
stops. 
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PART 7: HOW WAVE FORMS OF RECTIFIED ALTERNATING 
CURRENT ARE SHOWN 

What is a pulsating direct current? All the wave-form pictures 
you have seen so far have been used to show the pulsations of 
alternating current, which flows in opposite directions in the wire. 
Now see if you can use the wave-form picture to show a direct 
current, in which the direction of electron flow does not change. 

You will study the use of the vacuum-tube rectifier to change 
an alternating current to a current where the electrons move in 
separate, spaced surges along a wire, always moving in the same 
direction. This is called a pulsating direct current. Its wave shape 



Fiu. 101. This is the wave picture of a pulsating direct current. 

is shown in Fig. 101. This wave is like an alternating-current pic- 
ture showing only the loops above the time line. It is evident 
that the rectifier has cut off the current flow in the reverse direc- 
tion, or the loops below the time line. 

What is an alternating-current component of a direct current? 
In a direct current the electrons always flow in the same direction. 
The wave-form picture of the direct-current voltage flowing in a 
detector plate circuit is drawn as if it were an alternating current. 
r rhat is, the sine wave that shows the increase and decrease of volt- 
age strength is drawn above the time line, as was the pure direct- 
current wave picture. 

It is possible to have a direct current that changes in strength 
at regular intervals. Its wave form is shown in Fig. 102. The 
direct-current surges are shown in the wave-form picture. 
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The whole curve form is drawn above the time line, since the 
current flow in this circuit is assumed to be in a positive direction. 
You know now that this is a direct current. You call this type 
of current flow the alternating-current component of a direct current. 

What is pure direct current? Now you can readily understand 
what the wave picture of a pure direct current would be. Dry 



Fig. 102. A direct current with an alternating-current component. 
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Fig. 103. A pure direct current. 

batteries, storage batteries, B batteries, and the filtered output 
from power packs deliver a current in which the strength remains 
the same and in which the flow is always in the same direction. 

The picture of a pure direct-current voltage is shown in Fig. 103 , 
as a straight line that remains the same distance from the zero line. 

Questions 

1. Is the motion of electrons in one pulsation of a pulsating direct current any 
different from the motion of electrons in one pulsation of an alternating current ? 
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2' Is anything happening in the wire between pulsations of a pulsating direct 
current ? 

3. State in your own words the meaning of the term “ pulsating direct current/’ 
Does the electron flow in a pulsating direct current change direction? 

4. Does the flow of electrons ever stop in a direct current which has an alter- 
nating-current component? 

6. Is it ever correct to draw the alternating-current component so that the 
bottoms of the curves touch the time line ? Try drawing it. 

6. Does the quantity of electrons ever increase or decrease when a pure direct 
current is flowing through a wire ? 

7. Is it possible to picture a pure direct current either above or below the 
time line? Do you draw both a plus and a minus direct current above the time 
line ? 

8. Can the curve representing a pure direct current ever cross the time line? 

Technical Terms 

alternating-current component — A direct current in which the current strength 
increases and decreases, making the wave picture look something like that 
of an alternating current, although electrons flow in only one direction, 
alternation — An electron surge in one direction; half of an alternating-current 
cycle. 

amplitude — The strength of a current or voltage. Amplitude is shown by the 
distance of the loop above or below the time line, 
audio transformer — A small transformer used to couple receiving detector and 
amplifier circuits or any two audio circuits, 
current loops — The curved line which shows how the strength of the current 
surge grows and then dies away. 

cycle — 1 Two alternations, which make one complete round-trip electron surge, 
frequency — The number of electron round trips that occur per second. The 
frequency of the house lighting current is 60 cycles per second, 
intensity control — A control which increases or decreases the brilliance of the 
line on the oscilloscope screen, 
kilocycle — A word meaning 1000 cycles. 

meter — A distance equal to a little over a yard (about 39$ inches). The length 
of radio waves is measured in meters, 
negative loops — Loops drawn below the time line. 

node point — The instant when there is no electron flow in the circuit. At this 
instant the line on the oscilloscope screen crosses the time line, 
oscilloscope — An instrument that uses a cathode-ray tube to make visible the 
flow of electricity in circuits, 
positive loops — Loops drawn above the time line. 

pulsating direct current — A direct current flowing in one direction in regular 
pulses. Between pulses no current flows. A pulsating direct current may be 
thought of as half an alternating current, the other half having been stopped 
by a rectifier. 
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pulsation — The surge, or rush, of electrons in one direction during an alternation 
of an alternating current. 

scope — An abbreviated expression, or slang term, meaning oscilloscope. 

sine wave — A curve of the form is known in mathematics as a sine 

curve. 

60-cycle alternating current — An alternating current that changes direction 
120 times per second, or has 60 cycles per second. 

surge — A disturbance of the electrons in an atom. This disturbance affects 
nearby atoms. The effect, or surge, travels rapidly along a wire or other 
conductor. The electrons may move only a fraction of an inch, but at 
extremely high speed, while the surge travels along the wire at nearly the sj)eed 
of light. 

tungar bulb — A commercial form of gaseous tube used to rectify an alternating 
current for charging storage batteries. 

wave-form picture — A diagram showing changes of direct- and alternating- 
current flow. A line used to show the action of the current. 
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THE SIMPLEST RECEIVING SET— 
THE CRYSTAL DETECTOR 


You now know enough about electricity and radio to make a 
simple receiving set. You will enjoy experimenting with actual 
radio equipment, operating it, and then learning the “ whys ” of 
its operation. 

In the development of the radio industry in America, we owe 
much to radio amateurs, whose experiments carried out as a hobby 
helped to develop the radio art as we now know it. Some amateur 
experimenters worked blindly without knowing the “whys” of 
what they were doing. They had the knack for putting together 
different pieces of equipment and getting results. On the other 
hand, other experimenters, better trained and analytical in their 
thinking, looked for reasons for the various actions occurring in 
their tests. You will follow the latter practice in this book. 

In this chapter you will assemble and try out several funda- 
mental receiving circuits. You will learn how radio waves set up 
electrical currents in your receiving antenna and how these cur- 
rents must be changed so that they can produce sound in your 
earphones. You will study the radio circuit called a detector, 
which changes the form of this current so that it will operate 
earphones and produce sound. 

You will learn the following things in this chapter: 

Part 1 : How to Wire the Crystal -detector Circuit 
Part 2: How to Operate the Crystal-detector Circuit 
Part 3: Why the Crystal Detector Works 

The new symbols introduced in this chapter are shown in Fig. 
104. 

PART 1: HOW TO WIRE THE CRYSTAL-DETECTOR CIRCUIT 

What parts will you need? For this circuit you will need an 
antenna and a ground connection to receive energy from passing 

140 
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radio waves, earphones to hear sound signals that the radio waves 
carry, and a detector. 

How is the antenna made? Make the antenna of bare or insu- 
lated wire from 50 to 100 feet in length (see Fig. 105). You can 
use wire taken from a burned-out power transformer or from an 

THE PART THE PICTURE THE SYMBOL 


The Antenna 


The Ground 
Connection 


The Crystal 
Detector 


The Earphones 


Fig. 104. These are the new symbols you will find in this chapter. 

old receiving coil - the size of the wire makes little difference. 
You can make a makeshift antenna for your experiment by twist- 
ing one end of the wire around a nail driven into a nearby building 
or telephone pole, or by wrapping the end of the wire around a 
tree limb. Fasten a glass, or porcelain, insulator between one end 
of the wire and the tree to which it is fastened, and fasten another 
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between the other end of the wire and your house, near the window. 
Leave enough wire to reach the table on which your set is placed. 
The wire running into your room from the antenna is called the 

leadin. 

A much better antenna is made of No. 14 enameled copper wire 
about 50 to 100 feet long and is placed at a height of 15 to 30 feet 
or more. The higher you can hang the antenna, the louder will 
be the music you hear in your earphones. A good antenna must 



Fig. 105. Place the antenna so it is high and well away from trees or other 
objects such as buildings. Attach the ground wire to a water pipe as near the 
ground as possible. The leadin must be insulated all of the way to where it 
connects to the set. The ground wire need not be insulated. 

he well insulated. The wire of the antenna and the leadin must 
come in contact only with the insulators until the leadin reaches 
your set (see Fig. 105). ITse some kind of insulator, such as a 
porcelain tube, to keep the leadin from coming in contact with the 
house where it passes through to your set. 

How is a ground connection made? Make a ground connec- 
tion by attaching the ground wire from your set to a radiator, 
to a water pipe, or to a long metal rod driven into the ground. 
The wire running to the ground connection may be bare or insu- 
lated. You can purchase a ground clamp made especially for con- 
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necting the ground wire to a water pipe. Scrape the pipe clean 
and bright before attaching the wire or clamp. 

How is a crystal detector made? For your first experiment you 
will use a crystal detector to make the music hearable. The 
galena or silicon crystal usually is mounted in an alloy placed in a 
small metal cup. You may also use a crystal diode detector. 



Fig. 106 . This is the hookup of the crystal receiving set. 


Caution. Do not attempt to solder a wire to the cup. The 
heat of a soldering iron will destroy the sensitivity of the crystal; 
even hot water may melt the alloy. 

Fasten a piece of fine wire, called a cat whisker, on an adjust- 
able arm, so that the point of the wire can touch the crystal lightly 
to find a sensitive spot. 

Figure 106 shows a convenient way to mount the crystal detec- 
tor for use in different experiments. Use two double Fahnestock 
clips, or binding posts, for making connections to the earphones, 
the antenna, and the ground. 

What earphones should be used? For this experiment, use any 
good pair of earphones rated at 2000 ohms or more. 

How to hook up the experiment. Attach the antenna (lead-in) 
wire to the outer side of one of the crystal-detector clips and the 
ground wire to the outer side of the other clip. Then attach the 
earphones to the inner sides of the clips, as shown in Fig. 106. 

Compare the pictorial diagram with the schematic wiring dia- 
gram. Examine Figs. 106 and 107. Note that they are two dia- 
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grams of the same crystal receiving set. One is a pictorial diagram 
intended to show you how the board, or set, looks. You can use 
this diagram when you build the set. It shows where each part 
should be mounted on the board and where to place the connecting 
wires. The other is a simplified, or schematic, wiring diagram. In 
this diagram a symbol, which is a simplified or conventionalized 
drawing of a part, is used in place of the picture of the part. 




— Antenna 


Crystal 
detector / 




j — Earphones 




Ground 

Fig. 107. The schematic wiring diagram for the crystal receiving set. 


Note the symbols for the crystal detector, the earphones, the 
antenna, and the ground. 


PART 2: HOW TO OPERATE THE CRYSTAL-DETECTOR CIRCUIT 

Move the cat whisker lightly over the crystal surface until you 
find a sensitive spot, a spot where you find a station. You should 
hear a station with surprising clearness and intensity; generally, 
the music is much louder than you expect. If the music is weak 
or a station is hard to find, it may be because your fingers have 
touched the crystal. Your fingers leave on the crystal a film of 
grease that interferes with its operation. Wash off the grease 
with carbon tetrachloride or cleaning solvent, and your set should 
work. 

Questions 

1. Make a list of the parts you will need for a simple crystal-radio hookup. 

2. What size of wire should you use for the antenna ? 

3. What is the “leadin”? 

4. What effect has the height of the antenna upon the loudness of the sound 
in the earphones? 

PART 3: WHY THE CRYSTAL DETECTOR WORKS 

You can understand how this circuit changes the current in the 
antenna into sound in the earphones by following the electron flow 
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and surges through the wires of the circuit. Now study these 
operations by examining in turn each part of the set. 

What happens in the antenna? Radio waves from the broad- 
casting transmitter station pass through your antenna and set up 
a flow of free electrons through the wire. At one instant the radio 
wave sets up an electron flow through the antenna wire toward 
the ground; at the next instant the wave causes the electrons to 
flow from the ground toward the antenna. 

The radio waves reaching your antenna have the same frequency 
that they had when they left the antenna of the broadcasting 
transmitter station. If the frequency of the trans- 
mitter is G80 kilocycles per second (680,000 cycles 
per second) there were 680,000 electron flows into 
the antenna and 680,000 flows out of the antenna in 
every second. This causes 680,000 disturbances, which 
we call radio wares, to start out through space in each 
second. When these radio waves strike your antenna, 
they produce the same number of electron flows through 
your antenna toward the ground and the same number 
of flows from the ground toward the antenna. You 
know that an electron flow that changes direction is 
called an alternating current. The frequency of the 
alternating current in your antenna is the same as the 
carrier frequency of the broadcasting station to which 
you are listening. If you are hearing station KNBC 
of San Francisco, the frequency is 680 kilocycles per 
second. This statement means that the electron flow in KNBC’s 
antenna occurs at the rate of 680 kilocycles, or 680,000 cycles, per 
second. 

The alternating current in your antenna has a wave form related 
to the wave form of the music that was played into the microphone 
at the transmitter station. 

What are radio and audio frequencies? If you were to attach 
the earphones in the antenna-ground wire, as shown in Fig. 108, 
you would hear no music, because the frequency, or rate at which 
the electron flow changes direction, is so great that it will neither 
operate the earphones nor produce the sensation of sound in your 
ears. We say that this is a radio-frequency current , the name we give 
to currents that change direction more than 20,000 times per second. 


W 




Fig. 108. 
You will 
hear noth- 
ing in the 
earphones 
with this 
connection. 
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The expression audio frequency is used to describe sound waves 
that produce vibrations that we can hear. Audio frequencies are 
hearable frequencies. But radio frequencies produce sound waves 
at a frequency too high for human hearing. Young persons with 
normal hearing can hear sounds with frequencies as high as 15,000 
to 17,000 cycles per second. Older persons often find that they 
can no longer hear sounds with frequencies higher than about 
12,000 to 15,000 cycles per second. While the highest frequency 
that can be heard is different for each person, the upper limit of 
audio frequency generally is taken to be 20,000 cycles. You will 
hear no sound when you connect the antenna and ground directly 
to the earphones, because the alternating current tries to set up 
in the earphones a vibration with 
a frequency of 680,000 cycles per 
second. You could hear no such 
sound even if it did exist. 

You know now that the an- 
tenna current is unable to flow 
in the earphones or to produce 
sound in them. You will soon 
learn why this is so. 

But what occurs when you con- 
nect a crystal detector in the cir- 
cuit that makes it possible for 
you to hear in the earphones the music carried by the high-fre- 
quency (680,000-cycle) radio waves, since you know the earphones 
will operate only below 20,000 cycles ? 

The crystal makes the music audible. The job of the crystal 
is to assist to make the high frequency electron surges in the 
antenna circuit produce electron surges of audio frequency (less 
than 20,000 cycles per second) in the earphones by a kind of 
sorting-out process. The crystal can do this because it acts like 
a one-way valve. It will allow the electron flow to pass one way 
between the cat whisker and the crystal but will not allow the 
flow to pass the other way (see Fig. 109). 

The result is that when the electron flow in the antenna is, let 
us say, downward, the electrons pass through the crystal to the 
ground, but when the flow is upward, the crystal stops the flow 
and forces the electron flow to pass through the earphones (see 



Fig. 109. Electron flow downward 
can pass easily through the crystal. 
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Fig. 110). There are still 680,000 cycles of electron surges per 
second through the earphones, but these surges are now all in the 
same direction. They are a pulsating direct current, as shown 

in the wave picture, Fig. 111. 
No single radio-frequency surge 
lasts long enough to have a usa- 
ble effect on the earphones, but 
as you will note from the wave 
picture, the radio -frequency 
surges come in groups. Suppose 
you examine an earphone to see 
how it works. You then can 
understand how these groups 
of electron surges can produce 
sound in the earphones. 

How do earphones work? 
The ordinary telephone receiver 
is one of the sensitive pieces of radio equipment by means of which 
you can hear slight changes in current strength as sound. Care- 
fully unscrew the cap on an earphone and examine its construc- 
tion. You find a small permanent horseshoe magnet with a coil 

680,000 of these single surges 
each second (radio frequency) 


V 


ft 




t 




Fig. 110. But when the flow reverses 
few if any electrons can pass through 
the crystal. They are instead forced to 
flow through the coils of the earphones. 



254 255 256 

256 of these audio- frequency 
groups each second 


Fig. 111. This is the wave picture of a modulated, radio-frequency wave. 
Note that the radio-frequency surges come in groups. The groups were formed 
by the sound of middle C, 256 cycles a second, which was put into the microphone 
at the broadcasting studio. 

of fine wire wound on each of its poles (see Fig. 112). A thin 
metal diaphragm, about nfW inch thick, is held between the 
receiver shell and the receiver cap, so that its center is very close 
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to the ends of the pole pieces. This permanent horseshoe magnet 
pulls the diaphragm, so that when the diaphragm is at rest, it is 
bent slightly toward the pole pieces (see Fig. 113). When elec- 


trons flow through the two coils, 
they become electromagnets and 
increase the pull of the perma- 
nent magnet. This added pull 
causes the diaphragm to move 
still closer to the pole pieces. 
When the current stops, the dia- 



magnet core 


phragm is released and springs 


back to its original position. 


This slight motion of the dia- 
phragm compresses the air in the 
space between it and the cap 
when the diaphragm moves up- 
ward and expands the air as it 
moves downward. The compres- 
sion and expansion of the air is 
transmitted out through the hole 
in the cap and produces sound. 

A steady current through the 



Fig. 112. The earphone consists of a 
shell, a cap, two coils or electromagnets 
wound on the ends of a permanent 
magnet, and a diaphragm of thin steel. 

earphones merely pulls the dia- 


phragm down and holds it in this position. You hear no sound 
except when the current stops or starts. But when the strength 



Magnets 

Fig. 118. When at rest, the dia- Fig. 114. The diaphragms move up 
phragm is under a slight pull from the and down as the strength of the current 
permanent-magnet poles. You hear changes. This produces sound, 
no sound when the diaphragm is at rest. 

of the current changes, as it is constantly doing in the radio 
receiver, you hear sounds. The diaphragm then moves up and 
down as seen in Fig. 114. 
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How does pulsating direct current produce sound? When the 
alternating electron flow passes back and forth through the ear- 
phones between the antenna and ground in the circuit shown in 
Fig. 115, no sound is heard, because the motion produced by any 



Fig. 115. Why a radio-frequency cur- Fig. 116. This circuit will produce 

rent produces no sound. One surge sound because the electrons now 

tries to move the diaphragm; but must flow only one way through the 

1/680,000 second later, there is a pull earphones. Now the pulls, all in the 

in the opposite direction. The dia- same direction, add together and 

phragm is too heavy to move this fast move the diaphragm. As a result, 

so no motion occurs and you hear no you hear sound, 

sound. 

electron flow in one direction is immediately canceled when the 
electron flow surges in the opposite direction a millionth of a 
second later and sets up an opposing pull. 

But the crystal circuit, Fig. 116, forces all the electrons to flow 
in one direction through the earphone coils and produces sound. 



Fig. 117. This is the wave picture of a voice wave of 256 vibrations a second. 

When an artist sings the note low C, his voice sets up 256 air 
vibrations per second. Figure 117 is a wave picture of the cur- 
rent flowing in the microphone as an artist sings into it. The 
current that flows in the antenna of the broadcasting station is 
the modulated radio-frequency carrier current, as shown in Fig. 118. 
Modulation changes the radio-frequency current strength to fit the 
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change in the strength of the currents produced by the singer’s 
voice. Look at a magnified part of this modulated carrier wave 
shown in Fig. 118 . Here you see that each current surge of the 
voice wave has altered the strength of the many radio-frequency 
surges to correspond with the changes in the strength of the voice 
wave. Other parts of the voice force these surges into a wave 
pattern whose outline looks like the original voice wave. 

Now, when the many radio-frequency surges reach the earphone 
coils, they each set up a tiny bit of magnetism in the coils. The 


Unmodulated Corner 
Corner - No sound currents 


Modulated Carrier 
Carrier and Sound currents 



Fig. 118 . Note how the radio-frequency 
carrier wave at the left is molded by the 
256 cycles per second of the voice wave. 
Note how the voice wave makes the radio- 
frequency wave stronger and then weaker. 

Note also that there are about 5000 
times as many cycles per second, in this 
wave picture as are shown in the wave 
picture in Fig. 117. 


resulting tiny pulls on the diaphragm come so fast that they blend 
together into a single strong pull that moves the metal diaphragm 
of the earphone. In this way the diaphragm follows the ups and 
downs of the shape of the voice wave. Its motion produces a 
sound similar to that which entered the microphone at the broad- 
casting studio, and you hear the artist’s voice singing low C. 

This process of sorting out the sound wave from its radio-fre- 
quency carrier is called detection , or demodulation (de-modulation). 

What are the disadvantages of the crystal detector? During 
Marconi’s early experiments, he tried many types of detectors, 
but all lacked dependability or were so insensitive that they failed 
to be commercially successful. You will recall that Fleming tried 
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out the two-element vacuum tube as a detector and found that it 
was little better than those then in use. In 1907 Pickard, an 
American engineer, developed the first crystal detector of the type 
you have just used in the preceding experiment. It proved to be 
sensitive electrically, but because its contact easily jarred off the 
sensitive spot of the crystal, it was not widely used in commercial 
radio. 

DeForest discovered a more practical detector in 1906 when he 
sealed a bent wire grid into a vacuum tube. He thus created not 
only an excellent detector that would bring in radio signals but 
also an amplifier that would increase the strength of the signals. 

Questions 

1. What does kilo mean? 

2. Why is it that you do not hear music when the earphones are connected 
between the antenna and ground wire? 

3. What is a radio-frequency current ? 

4 . Can you hear radio-frequency sound waves? 

6. Can an alternating current flow with equal ease in both directions through 
the crystal and cat whisker? 

6. Do the crystal and cat whisker change the radio-frequency current into a 
pulsating direct current or into an audio-frequency current? 

7. Name the parts of an earphone. 

8. Does an earphone contain a temporary or a permanent magnet? 

9. What is detection ? 

10. Give several reasons why crystal sets are no longer popular. 

Experiment 1 : The Vacuum Tube Diode Detector 

If you live near a powerful broadcasting station, you can sub- 
stitute a Fleming valve-type diode for the crystal detector you 
have just tried. You may use the tube circuit board described in 
Chapter 6 and a triode vacuum tube connected so that it acts 
like a diode tube. 

Note. A generalized pictorial drawing of a triode tube is used 
on the circuit board drawings because several different triodes may 
be used in these fundamental circuits. The 1LE3 triode is a good 
tube for student use. 

How to Hook Up the Circuit 

Step I. Wire the tube circuit board as in Fig. 119. 

Step 2 . Connect the antenna to the plate of the tube and the 
ground to the filament (see Fig. 120). 
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Fig. 119. The simple diode detector. Substitute the 1LE3 tube for the crystal 
detector. How does the loudness of the sound from this set compare with the 
sound from the crystal detector? 



Fig. 120. This is the schematic circuit for the diode detector. 

Step 3. Connect the tips of the earphone cord to the output 
connections on the set board. 

Step J f . Connect a wire from the grid on the set board to the 
plate connection. This connects the grid and plate together so 
that they act as one element. 
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Step 5. Attach the correct A-battery size for the tube that you 
are using. If you have a 1LE3 tube, use a lj-volt dry cell for 
the A battery. 

Step 6. Insert the tube in the socket. 

Step 7. Connect a wire across the B-batterv terminals. No 
B battery is used in this experiment. 

How to Operate the Experiment 

Now plug in the tube, put on the earphones, and you should 
hear a station. 

Why It Works 

Electrons flowing downward from the antenna reach the plate 
of the tube, but they cannot flow across the vacuum from the cold 
plate to the filament (see Fig. 121). Instead they flow through 




Fig. 121. Electron flow through the diode detector. Note how similar the 
action of this circuit is to that of the crystal detector. 

the earphones and on to the ground. The next part of the radio 
wave draws the electrons toward the antenna. The electrons then 
flow easily from the filament, through the vacuum, to the plate, 
rather than through the high resistance of the earphones. Note 
that the diode tube has the same effect on the electron flow as has 
the crystal detector. It allows the electrons to flow in one direc- 
tion through the detector and in the other direction forces them 
to flow through the earphones. 
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The vacuum-tube diode detector has one advantage. It will 
not jar out, as will the crystal detector. The volume of sound 
produced usually is not as great as that of a crystal. You can 
compare the two types of detectors for sensitivity by observing 
which gives the louder signals. 

Experiment 2 : The Three-element Vacuum Tube 

This is a much better detector than the crystal or the diode 
because it combines the stability that the crystal detector lacks 
and the amplifying ability of the vacuum tube. With a triode 
detector, you should hear stations more clearly than with the diode 
tube, and you should hear stations that would be impossible to 
pick up on the crystal detector. 


How to Hook Up the Circuit 

Use the same tube circuit board and earphones that you used in 
the last experiment (see Figs. 122 and 123). 



/ £ volts 45 volts 

Pig. 122. Simple one-tube detector circuit. With this circuit you should hear 
louder signals because the tube is able to amplify the signals somewhat. 
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Grid Leak 
Z megohms 
2,000, OOO ohms 



Fig. 123. Schematic circuit of the one-tube detector. 


Step /. Connect the antenna lead-in wire to the grid post on 
the set hoard. Connect the ground wire to the A-minus connec- 
tion on the board (see Fig. 122). 

Step 2 . Connect the A battery, and test the filament to see that 
it will heat. Then connect the B battery to the proper terminals. 
Connect the wire from the positive side of the B battery to the 
B-plus terminal on the set board. 

Step 3. Attach a pair of earphones to the output posts on the 
set board. If one of the earphone cords carries a colored stripe, 
or tracer, connect this wire to the board terminal that leads to 
the positive side of the B battery. This will prevent the earphones 
from being demagnetized. 

Step 4. Connect a small fixed grid-leak resistor of 2 megohms 
(2 million ohms resistance) on the tube board between the antenna 
and ground connections. 


How to Operate the Experiment 

Heat the filament by attaching the battery wires. This puts the 
set in operation, and you should hear a station. 


Why It Works 

Before you connect the antenna, you hear no sound in the ear- 
phones. Why is this? The hot filament is surrounded by elec- 
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trons in the space charge. Electrons are attracted to the positive 
plate and a steady plate current flows through the earphones. No 
sound is heard because the current flowing through the earphones 
is steady. 

A signal from the antenna produces sound. However, when 
you attach the antenna to the grid, you hear sound in the ear- 



Fig. 184. When electrons flow on the grid, they repel electrons in the space 
charge and few reach the plate. There is little motion of the earphone diaphragm. 
It moves upward because the plate current flowing through the coils is reduced. 

phones. When the electrons flow from the antenna toward the 
ground, the resistance of the grid leak forces some of them onto 
the grid, and they make the grid negative. The negative grid 
repels the electrons in the space charge and allows fewer electrons 
to reach the plate, so that the plate current is weakened (see 
Fig. 124). 

When the current flowing from the plate through the earphones 
becomes weaker, the diaphragm of the earphones moves away from 
the magnet and you hear a sound. 
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When the electron flow moves toward the antenna , the free elec- 
trons are drawn from the grid, which becomes less negative (see 
Fig. 125). The positive grid attracts the electrons in the space 
charge. As these electrons move toward the grid, some are cap- 
tured by the tiny area of the grid wires, but most of them go on 
past the grid, to the plate, and on through the earphones. The 
current flow through the earphones is then stronger than it was 




Diaphragm 
moves down 


Fig. 125 . When the electrons are pulled off the grid, it becomes positive and 
attracts electrons from the space charge. Result — more electrons flow through 
the tube, there is greater pull on the diaphragms, they move downward, and you 
hear sound. 


when there was no signal coming in. This increase in current 
pulls the diaphragm of the earphones farther downward, again 
producing a sound. 

Why is the music louder? The English have long called the 
vacuum tube a vacuum valve. You might think of it as an 
extremely sensitive electron valve, or faucet. Then think of the 
grid as the handle that controls the flow of current through the 
tube, or valve. Think of the B battery as the powerful pump 
forcing the electric current to flow through the plate circuit from 



THE SIMPLEST RECEIVING SET—TIIE CRYSTAL DETECTOR 167 


pump to the filament, across the vacuum to the plate, through the 
earphones, and back to the B battery. 

Now, when groups of the infinitely tiny electrical charges, or 
electrons, reach the handle (the grid), they can weaken this power- 
ful current flowing through the tube. That is, when the grid is 
negative it prevents the plate from pulling electrons across the 
grid. But, unlike the valve, when the grid is positive it helps the 
plate pull electrons across the vacuum; it not only allows the plate 
current to become stronger, but it can also increase the strength 
of the plate current. This is the way a few electrons on the grid 
control a huge quantity of electrons flowing through the plate 
circuit. The tube not only detects, or makes audible, the signals, 
but it also amplifies at the same time. This will be explained in 
detail in a later chapter. 

You hear the sounds in the earphones because these few elec- 
trons on the grid cause large changes in the plate current. 

Questions 

1. Explain how a Fleming valve works. 

2. What does diode mean ? 

3. What does triode mean? 

4. Describe the effect of the grid on the plate current. 

6. Why are radio tubes often called vacuum valves ¥ 

Technical Terms 

antenna — A wire supported above the ground, insulated from its supports and 
from the ground throughout its entire length. The antenna is connected to 
the receiving apparatus by a lead-in wire. The antenna is sometimes called 
the aerial. 

audio frequency — Waves with a frequency below 20,000 cycles per second, which 
can be heard. 

cat whisker — A piece of fine wire which is fastened on an adjustable arm so that 
the end of the wire can be touched lightly against the crystal, 
crystal detector— A crystal, such as galena or silicon, on which a fine wire makes 
a light contact. The crystal detector will allow electricity to flow in only one 
direction through it. 

demodulation — The process of separating radio-frequency and audio-frequency 
voltages in a detector circuit. It is also called detection. 
detection — See demodulation. 

diode tube — A vacuum tube which contains just a plate and a filament. 
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ground connection — The place where the ground wire is attached to a water 
pipe or to permanently moist earth, 
leadin— The wire connecting the antenna to your receiving set. 
radio-frequency waves — Waves with a frequency above 20,000 cycles per second, 
which alternate too fast to be heard by the human ear. 
space charge— The electron cloud which surrounds the heated filament, or 
cathode, of a vacuum tube. 



CHAPTER 10 


ALTERNATING CURRENTS 
IN RADIO CIRCUITS 


It is necessary to return to the study of electricity for you to 
understand tuning , which is the process of selecting stations. You 
will have to learn how alternating currents act as they surge 
through tuning circuits. You will also need to find out more 
about how alternating currents affect the vacuum tube. 

When you examine circuits used for tuning, you will discover 
that they have two new important parts: the coil and the con- 
denser. You will learn something of what occurs in a coil or a 
condenser when direct and alternating currents flow into or through 
them. 

You will learn the following things in this chapter: 

Part 1: How Coils Are Constructed and Used 
Part £: How a Voltage Can Be Induced in a Coil 
Part 3: How Condensers Are Constructed and Used 
Part 4: How Choke Coils Work — Inductance 
Part 5: What Reactance Is and How It Is Found 
Part 6: How Back Voltage Occurs in a Condenser 

Part 7: How Impedance — Alternating-current Resistance — Is Worked Out 

New symbols found in this chapter are shown in Fig. 126 . 

Ohm’s law for alternating currents can be highly complex, but 
you will study only its simpler forms, which will give you an 
understanding of its application to radio circuits. 

Now examine the coils and condensers in the radio circuits. 
Learn how they are made, the theory of their operation, and how 
the alternating-current version of Ohm’s law applies to them. 

PART 1: HOW COILS ARB CONSTRUCTED AND USED 

Examine a radio coil. Tear the coils out of at least one old 
radio receiving set and, if possible, out of two or three. You will 
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find these coils to be rather simple in construction. Coils . in 
modern receiving sets are apt to be much more compact and are 
Wound with finer wire. Note also the different materials that are 
used for the coil form. 

THE PART THE PICTURE THE SYMBOL 


p s 



Transformer- 
with an iron core 


p s 



Transformer 


Variabfo Condenser 




s 

ft 


Fixed Condenser 


By-pass 



Fitter 


Fig. 120. These are the new symbols that you will find in this chapter. 


If you have several of these coils, tear one apart to see how it is 
constructed. Note how it is wound and how the wire is fastened 
to the form. Measure the size of the wire with calipers or with a 
wire gage. When two separate windings, or coils, are wound on 
the one form with no connection between them, the resulting coil 
is called a transformer . 

When you examine the part of the circuit connected to the 
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transformer, shown in Fig. 127, you find that the smaller coil is 
connected to the antenna and to the ground and the larger coil is 
connected to a variable condenser and to the tube. 



The schematic circuit diagram in Fig. 128 shows clearly that 
there is no connection between the two separate windings of the 
transformer. 

In this new type of circuit, in which there is no connection 
l>etween antenna, ground, and tube, there must be some way for 



Fig. 128. The schematic circuit diagram of the connections to the radio coil 
shown in Fig. 127. 

the electricity in the antenna-ground part of the circuit to affect 
the second winding, or coil. 

A current actually does flow in the larger coil when a current 
flows in the antenna circuit, but this current is not the same as 
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the one in the smaller coil. The process by which a current flow- 
ing in one coil sets up, or produces, a voltage in another nearby 
coil is called induction. 


PART 2: HOW A VOLTAGE CAN BE INDUCED IN A COIL 

Experiment : Induction by a Moving Magnet 

There are several ways to produce a voltage in a coil of wire. 
Even though each appears to be a different process, they all work 
on the same principle. Probably the simplest way to induce a 
voltage in a coil is by moving a magnet in and out of the coil. 
The voltage induced in the coil drives a current of electrons through 
the wires. Try it. 


Hookup and Operation 

Step 1. Connect the ends of a coil consisting of about 50 turns 

of fine insulated magnet wire 
to a 50-0-50 direct-current 
microvoltmeter (see Fig. 129). 

Step 2. Hold the end of a 
magnet inside the coil. A 
bar magnet or a horseshoe 
magnet of the type used in 
physics laboratories is recom- 
mended. Do not move the 
magnet. Does the meter hand 
move when the magnet is still ? 
Now move the magnet slowly INTO the coil. In which 



Fig. 129. One form of induction. A 
current is induced in the coil only when 
the bar magnet is moved. 


Step 3. 

direction does the meter hand move ? 

Step Now move the magnet slowly OUT OF the coil, 
the meter hand move in the same direction as before? 


Does 


Why It Works 

This simple experiment shows how a voltage can be induced, 
or generated, in a coil. 

When you hold the magnet motionless in the coil, you notice 
no motion of the meter hand. But when you move the magnet, 
the meter hand does move. Glance again at Fig. 20, which shows 
the shape of the field of force around the ends of a bar magnet. 
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Fart 1. A voltage in generated only when the magnetic field is in 
motion. 

When you move the bar into the coil, its magnetic field pene- 
trates the copper wire and sets up a voltage which causes the free 
electrons to flow through the wire and a current of electrons to 
flow to the meter. The meter hand moves in one direction. 

Fact 2. A magnet moved inside of a coil of wire generates a volt- 
age that causes an electron flow, or current of electricity, in the coil 
of wire and the circuit. 

Fact S. When you move the magnet out of the coil, the electron 
flow changes direction. 

The meter hand moves in the opposite direction when you pull 
the magnet out of the coil. 

Now move the magnet in and out of the coil, slowly at first, 
and then rapidly. Note how far the meter hand swings as you 
move the magnet slowly; then watch the amount of its swing as 
the magnet is moved rapidly. 

Fact The faster you move the magnet, the larger the voltage 
induced in the coil and the stronger the current in the circuit. 

You have now learned four new facts, or principles, which will 
be of great importance to you as you study alternating current 
and the radio circuit. 

Rule. A voltage is induced in a coil of wire only when the field 
of magnetic force around the wire is moving, that is, becoming stronger 
or weaker. 

Experiment ; Induction between Two Coils 

You can substitute a coil magnet (an electromagnet) for the 
permanent magnet and again induce a voltage in the coil. 

For convenience, we call the coil through which the current 
first flows the primary and the coil in which the voltage is induced 
the secondary. As you have learned, the two coils together are 
called a transformer. 

Method 1 

You can induce a voltage in the secondary coil when the current 
flowing in the primary coil is steady. 

Hookup and Operation 

Step 1 . Wind a primary and a secondary coil, each with about 
100 turns of No. 18 enameled copper wire. Fasten one wire from 
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the primary coil to the dry cell, but keep the other wire unattached 
for the present. Connect the secondary coil to the meter. (See 
Fig. 130 for an illustration of these connections.) 

Step 2. Now hold the unattached wire on the other terminal of 
the dry cell, and move the primary coil up and down over the 
secondary coil. Watch the meter. 



Fig. 130. Another form of induction. You can substitute an electromagnet for 
the permanent bar magnet in Fig. 129 and induce a current in the secondary coil. 
Try it and watch the meter. 


Caution . Leave the current on for only a few seconds. The 
dry cell quickly runs down, and the wire becomes hot if the cur- 
rent remains on too long. 

Why It Works 

When you move the primary coil up and down over the second- 
ary coil, the meter hand acts as it did when you moved the bar 
magnet in and out of the coil. In other words, the effect is the 
same when you move the coil as when you moved the magnet. 

The magnetism around the wires of the secondary coil is strong 
when the primary coil is close and is weak when the coil is moved 
away. The changing magnetic field induces a voltage in the 
secondary coil. If the coil is a closed circuit, a current will flow. 
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Rule. A voltage is induced in a coil and a current flows in the 
circuit when the magnetic field around it becomes stronger or weaker. 

Method 2 

You can also induce a voltage in the secondary without moving 
either coil. 

Hookup and Operation 

Step 1 . Use the coils that you used in the last experiment. 
Lay the two coils together. Connect them as shown in Fig. 130. 

Step 2. Touch the unattached wire from the primary coil to 
the other terminal of the dry cell. Then take it away. Note 
that the meter hand kicks and then remains still. 

Rule. A voltage is induced in the secondary coil when you make 
and break the primary circuit. 

Why It Works 

You saw when you used the bar magnet that a voltage was 
induced in the secondary coil only when the magnetic field around 
its wires was getting stronger or weaker. Now you see a voltage 
induced in the coil when you either make or break a connection. 

Voltage is induced when you make a connection, because the 
current that flows through the wires of the primary coil when the 
wires are touched to the dry cell rapidly increases to full strength. 
As the current grows stronger, it forms around the coil a magnetic 
field that grows in strength with the current. You remember that 
the strength of the magnetic field depends on the strength of the 
current in the coil (see Chapter 4). 

So a voltage is induced in the secondary when you make a con- 
nection, because the growing current creates a magnetic field of 
growing, or changing, strength. You also find that a voltage is 
induced at the break of the circuit. 

Experiment : Induction between Two Coils with Alternating Cur- 
rent in the Primary 

This experiment shows a more practical way to induce a volt- 
age in the secondary coil. In practice you will find many methods 
of inducing voltages but the one most commonly used is that of 
inducing a voltage in a secondary coil when an alternating current 
flows in a primary coil. 
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Hookup and Operation 

Step 1. Connect the primary coil to the terminals of a small 
step-down toy transformer, and plug the transformer into a wall 
socket. An alternating current will now flow through the primary 
coil (see Fig. 131). 

Step 2. Connect a 6-volt automobile head lamp to the second- 
ary coil. 

Step 3. Lay the primary coil on the secondary coil connected 
to the lamp. Adjust the voltage of the toy transformer until the 



primary coil will induce a voltage in the secondary. This is the commonly used 
method of induction. 

lamp glows. Note that the lamp lights even though the two coils 
do not move. 

Why It Works 

This experiment shows that an alternating voltage is induced in 
the secondary coil when an alternating current flows in the primary. 
This is called mutual induction, or the setting up of a voltage in a 
secondary circuit when a current flows in the primary, even though 
neither coil is connected to the other. 

When you studied wave-form pictures, you learned that the 
strength of the alternating current was always changing. The 
sine-wave picture showed that both the voltage and the current 
increased and decreased at a regular rate. In your last experi- 
ment the alternating current flowing through the primary coil set 
up a magnetic field around it. The strength of this field changed 
as the strength of the current changed. The secondary coil was 
close enough to the primary so that this same magnetic field pene- 
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trated the secondary coil. The wires of the secondary were in a 
magnetic field of changing strength, and so a voltage of changing 
strength was induced in this coil. 

In this setup you do not have to move the primary coil or 
make and break the current in the primary. A voltage is induced 
in the secondary coil because the magnetic field around it is con- 
stantly changing in strength. 



Fig. 1S2. The action of the lines of force are opposite in direction around the 
secondary wire so the induced voltage is in the opposite direction to the original 
current in the primary wire. 

In what direction does the secondary current flow? It is 
important to know which way the induced voltage causes the 
current in the secondary circuit to flow. At the instant when 
the current starts to increase in the wires of the primary coil, the 
magnetic field spreads outward around the primary wires. 

As the magnetic field of the primary coil spreads outward, the 
lines of force cut across the wires of the secondary coil, as shown in 
Pig. 132. The energy in the magnetic field causes the free elec- 
trons in the secondary wire to flow. Hold your left hand on the 
secondary wire, with your fingers pointing in the direction of the 
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small circle of force. You can then find the direction in which 
these electrons move by using the left-hand rule. Note that the 
small circle of force collapsing on the secondary wire is moving 
inward toward the wire. It is moving in the opposite direction to 
that of the field around the primary wire, which is moving away 
from the wire. Consequently, this collapsing line induces a volt- 
age in the secondary wire in the opposite direction to that of the 
current in the primary. 

Rule. The voltage induced in the secondary is in the opposite 
direction to the current in the primary. 

How can the strength of the induced voltage be increased? 
There are several ways to make the induced voltage in the second- 
ary wire stronger. One way is to place the handle of a pair of 
pliers or a piece of iron through the center of the two coils. Use 
a 12-volt lamp. The piece of iron, placed inside the coils, is called 
a core. 

Why it works. As more magnetism from the primary coil 
reaches the secondary coil, a greater number of electrons flow 
through the secondary coil to the right. If the magnetism had 
to pass through air only to the secondary coil, the magnetic field 
around the secondary would be weak. Iron is a very much better 
pathway for magnetism than air. So when you put a piece of iron 
inside the coils, the iron carries the magnetism readily to the 
secondary coil. As a result, the field around the secondary coil is 
much stronger than before and a much stronger voltage is induced 
in the secondary. You now have an iron-core transformer. You 
will study more about this type of transformer in the chapters 
“Basic Receiving Circuits Using Alternating-current Tubes” and 
“Power Supplies.” 

What practical uses are made of induction? You may not have 
realized that when you moved a magnet through a coil of wire, 
you had a simple generator of the type that furnishes light and 
power to your home. In the generator many coils are set in a 
magnetized frame and other coils are whirled past them. A volt- 
age is induced in the coils as they whirl through the fields of the 
magnets. 

In the magneto of the outboard motor which drives your boat, 
large permanent magnets set in the flywheel whirl past coils and 
generate the voltage that gives you the spark at the spark plug. 
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In your car there is an induction coil that gives you the spark 
to make the engine run. Contact points in the coil primary cir- 
cuit make and break the circuit from the storage battery to create 
the changing field around the primary coil. This induces a high 
voltage in the secondary, which produces the spark for the spark 
plugs. 

These are but a few practical examples of the uses of induction. 
You will discover many more in your study of radio circuits. 

Questions 

1. Wliat is a transformer? 

2. What is induction? 

3. State several ways in which you can induce a vokage. 

4. Can a stationary magnetic field induce a voltage in a nearby coil ? 

6. How can you recognize the primary coil in a transformer? 

6. Can a steady direct current flowing in a primary coil of a transformer induce 
a voltage in the secondary? 

7. What is meant by “mutual inductance”? 

8. Is the induced voltage in the same direction as the original current? 

9. Give several ways of increasing the strength of the induced voltage. 


PART 3: HOW CONDENSERS ARE CONSTRUCTED AND USED 

Examine the condenser. The next instrument you will find in 
radio circuits is the variable condenser shown in Fig. 133. 



Fig. 133 . This is the variable condenser you use to tune your radio receiver to 
a station you wish to hear. 


Examine one of these condensers carefully, and see how simple 
it is. The fixed metal plates mounted in a U-shaped frame are 
called the stator , or stationary , 'plates . When you turn the knob, 
another set of plates moves between the stationary plates. These 
plates are called the rotor plates . Note that the rotor and stator 
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Condenser 

pfa+es 


plates do not touch each other; they are separated from each other 
by insulators. 

Here you have a mystery : If the two sets of plates do not touch 
each other, how can electrical energy be transferred from one set 
of plates to the other? You will know the answer to this question 
when you learn what a condenser is and how it works. 

What is a condenser? Look at the wiring of a radio set. You 
find it contains one or more variable condensers that are used to 
tune the set. You will also find many small fixed condensers. 

The capacity of a fixed con- 
denser is not adjustable as is 
that of the variable condenser. 
Fixed condensers are built in 
several shapes, some in rec- 
tangular cartons, some flat, 
and some round (see Fig. 126). 

You will now examine a fixed 
condenser to learn something 
about its construction. Un- 
roll a burned-out paper filler 
condenser. You find in it sev- 
eral strips of tin foil or alumi- 
num foil separated by strips of 



Eig. 134. This is a simple form of con- 
denser. The metal plates are the con- 
ductors; air is the dielectric. 


paper. You see that a condenser is made up of two or more pieces 
of metal separated by some kind of an insulator. Figure 134 
shows a simple condenser in which air is the insulator, or dielectric. 

The metal pieces are called the conductors because they carry, 
or conduct, the electricity. The insulating substance between the 
plates is called the dielectric . 

Experiment. The filter condenser which you unrolled has metal 
foil for the conductors and several layers of specially treated paper 
dielectric placed between the foil conductors. You can see how 
such a condenser acts by stretching out the roll on a table and 
connecting it to a 250- volt power-supply unit. (The power-supply 
unit is described in Chapter 14.) The layout is shown in Fig. 135. 
Use it carefully, as you can receive a shock from the high-voltage 
connection. Before making the connections, examine the paper 
dielectric to see where it has burned through. Tear out this part 
so that the condenser will work. 
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Touch test points from the high-voltage tap of the power sup- 
ply to the two strips of foil. If the foil strips are shorted (when 
the two plates touch, they are said to be shorted) the neon tube 
will glow steadily. Separate the foil at the shorted spot, and 
again touch the test points to the foil. If the tube no longer 
glows steadily, the short has been eliminated and you are ready 
to proceed with the experiment. 

Once you have eliminated all shorts, the condenser will charge 



when you touch the test points to the foil. While the condenser is 
charging, the neon tube will glow. The glow dims and dies out 
as the condenser becomes fully charged. (A condenser of 20 micro- 
farads will take several seconds to charge when connected to a 
250-volt direct-current power supply.) 

Electrons were forced into the foil conductors, as you readily 
saw, because you touched the blade of a screw driver with an insu- 
lated handle across the two plates after you had disconnected the 
power supply from the foil. A strong spark jumped as the con- 
nection was made. 

Caution. Do this carefully, because you can get a strong shock 
if you touch the two pieces of metal foil or the metal blade of the 
screw driver when performing this test. 

Why It Works. The power supply pumps free electrons onto 
the plate connected to its negative terminal and pumps free elec- 
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trons off the plate connected to its positive terminal (see arrows in 
Fig. 136). 

As soon as the condenser plates are charged with as many free 
electrons as the 250 volts of the power supply can force on them, 
the glow in the neon tube stops, showing that the electron flow 
has stopped. 

The neon tube showed by its bright glow, at first, that many 
electrons were flowing onto the negative plate and off the positive 
plate. As the condenser charged, or filled, its glow gradually 



Fig. 136. As the condenser charges. Fig. 137. An electron on side A repels 
electrons are forced on one condenser electrons in the atoms of the dielectric 
plate and are pulled off the other. which in turn repels electrons on side B 

making it positive. 

dimmed and went out. What happened in the condenser as it 
charged ? 

How is the condenser charged? When electrons are forced onto 
one side of a condenser, as with side A in Fig. 137, side A becomes 
negative. The extra free electrons on side A affect the electrons 
in the atoms in the dielectric. 

This effect carries through the dielectric and repels free electrons 
from side B of the condenser. These electrons leave side B and 
are drawn toward the power supply. Side B becomes positive 
because it has lost electrons. 

This process goes on until as many electrons are forced onto 
side A and are pulled off side B as is possible at that voltage.* 

* Charging a condenser is somewhat similar to pumping gas into a balloon. 
Higher pressure at the pump will force more gas into the balloon. 
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Each electron on the negative plate repels one on the positive 
plate. The dielectric is under an increasing strain as the con- 
denser approaches full charge. If there is a flaw in the dielectric, 
such as a pinhole in the paper, the electrons will rush through 
from the negative to the positive plate and equalize the charge. 
The heat generated by the rush of electrons burns the paper, and 
we say the condenser is burned out. 

Plate area affects the condenser capacity. Look in any radio- 
supply catalogue, and you will find that condensers are described 
as having so many microfarads (abbreviated juf) of capacity. You 
can get a rough idea of the area of a condenser plate by tearing up 
a 1-microfarad paper-dielectric by-pass condenser. 

Since many condensers used in radio work have very small plate 
areas, it is convenient to give their capacity in micromicrofarads 
(abbreviated /zjuf), which means 1 millionth of a microfarad. You 
can see the effect of capacity by performing the preceding experi- 
ment, using several different sizes of paper by-pass condensers. 

You find that an 8-microfarad condenser charges slowly and 
produces a strong spark; a 4-microfarad condenser charges more 
quickly and produces a weaker spark; and a 1-microfarad con- 
denser charges even more quickly and produces a still weaker spark. 

If you were to tear up these condensers- one of 8 microfarads, 
one of 4 microfarads, and one of 1 microfarad capacity - you would 
find that the 8-microfarad condenser had the largest strips of foil 
of the three, that is, the largest plate area. 

Rule. The larger the plate area, the greater the condenser capacity. 

There is more room for free electrons on a condenser plate of 
large area than on a plate of small area. Many electrons on side A 
can repel many on side B, so that a condenser with large plate 
area has large electron-holding capacity. 

Dielectric thickness affects condenser capacity. Now try stack- 
ing several old, unrolled 8-microfarad filter condensers, one on top 
of another. Connect every other plate together. Put a board on 
top of the stack to hold them together. 

If you repeat the preceding experiment, you should get a much 
heavier spark than before. 

Rule. Increasing the number of plates in a condenser increases 
its capacity. This is another way of increasing the plate area of the 
condenser. 
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Now take off the board and fluff up the paper and foil, so that 
there is an air space between some parts of the layers. You 
have increased the thickness of the dielectric. Again charge the 
fluffed-up condenser. Note that it takes a shorter length of time 
to charge the condenser and that the spark is weaker when you 
discharge it. 

Rule. The thickness of the dielectric ( the space between the plates ) 
affects the capacity of the condenser. A thin dielectric increases 
capacity because the plates are close together. A thick dielectric 
reduces the capacity because the plates are relatively far apart. 

Why It Works. An electron on plate A has a certain repelling 
force on an electron on plate B. This force is stronger when the 
plates are close together but rapidly becomes weaker as the space 
between the plates is increased. 

In a condenser with a thin dielectric, the plates are close together. 
This increases the repelling force that an electron on side A exerts 
on an electron on side B. So the closer the plates are together, 
the greater the capacity of the condenser. 

Dielectric material affects condenser capacity. The kind of 
dielectric material that separates the plates also affects the capacity 
of a condenser. 

Experiment. This can be seen if you substitute different mate- 
rials of about the same thickness for the paper between the sheets 
of foil in your unrolled condenser. 

You will need a condenser tester of the type used by radio 
servicemen to show the changes in capacity. 

Place sheets of writing paper between the plates, and measure 
the resulting capacity of the condenser. Then try sheets of oiled 
paper, condenser paper, mica, or glass. 

Write the results in the second column of a table like the one in 
Fig. 138. This will enable you to compare the condenser capacity 
that you obtained with the different dielectric materials. 

Look up in a good radio handbook the dielectric constant K for 
the different materials you used in your test, and compare them 
with the ones you found in your experiment. 

Why It Works. As you learned, the dielectric is the insulator 
that separates the condenser plates; it prevents electrons from 
jumping from one plate to the other but transfers energy from one 
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plate to another, so that an electron on one plate can drive off 
an electron on the other plate. 

In poor dielectrics the energy is lost in heat. The dielectric 
must be a good insulator, because, as you will find later, the elec- 
trons must go around through the circuit and not go directly from 
plate to plate through the dielectric. High voltages are used on 
condensers in some radio circuits. Their dielectric must be able 
to stand high voltages. Too great a voltage will break a glass 
dielectric and allow a spark to flash through. If the dielectric is 
paper, the spark burns a small hole. The carbonized paper around 


D /elect n c 
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Constant 

A/r 1 

1 
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25 to 6 

Cardboard 


25 to 5 


Fig. 138. Write the approximate dielectric constant that you observe from your 
condenser test in the table shown here. 

this hole will then carry the electrons through instead of keeping 
them separated on the plates. 

The dielectric constant K is a number that tells how much more 
effective a given dielectric is than air. Air has a It of 1, glass 
from 4£ to 7, mica about 7. This means that when glass is used 
as the dielectric, a given condenser will have from 4^ to 7 times 
as much capacity as if the dielectric were air, and when mica is 
used, the capacity will be 7 times greater than if the dielectric 
were air. The K for paper treated with titanium oxide may run 
as high as 40 to 60. A condenser with a treated-paper dielectric 
would have from 40 to 60 times the capacity of one with an air 
dielectric of the same thickness. 

How do you calculate condenser capacity? You can blend the 
several facts you have learned about condensers into a statement 
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that you can use to find the capacity of any two-plate condenser. 
You must know the area of each plate, the dielectric thickness, 
and the dielectric constant for the material. 

The capacity of a condenser in micromicrofarads is found by 
multiplying the area of the plates in square inches by the dielec- 
tric constant and then by the constant 0.224. Finally, you divide 
this answer by the thickness of the dielectric in inches to get the 
capacity of the condenser. 

You can write this out much more easily as a formula: 

0.2MKA 

U y 

where C means total capacity in micromicrofarads 
K means the dielectric constant 
A means the area of one conductor in square inches 
T means the thickness of the dielectric in inches 
Example . What is the capacity in micromicrofarads of a filter 
condenser like the one you tore open, if each of the two pieces of 
foil is 4 inches wide by 20 feet long, if the paper dielectric is 0.005 
inch thick, and if the dielectric constant, or K> is 55? 

Step 1. Write down the formula 

0.224A r ^4 

t rji 

Step 2. Write down the numbers you have to work with 

K 
A 

T 

Step 3. Substitute the numbers in the formula. 

^ 0.224 X 55 X 960 

b — fl' 

iooo 

Step 4. Do this multiplication and division one step at a time. 
First, multiply 0.224 by 55. 

0.224 
X 55 
1 120 
11 20 
12.320 


= 55 

= 4 in. X 20 ft. X 12 in. per foot 
= 960 square inches, the area of one plate 
= 0.005, or ioVo > inch 
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Next, multiply 12.32 by 960. 

12.32 

960 

73920 

11088 

11827.20 


Now that you have all of iho multiplication done, the problem 
looks like this 

11827.2 

* ” _ 5 

10 0 0 

Step 5 . Remove the fraction two by inverting it and multi- 
plying, as shown 


11827.2 X PP = 

= 2,365,440 mieromierofarads 


This is the answer. 

Step 6 . Divide this answer by 1,000,000 to get microfarads. 


2365440 

1,000,000 


= 2.36 microfarads 


Questions 

1. Wliat is the purpose of a condenser? 

2. Describe the construction of a condenser. 

3. What is a variable condenser? 

4. What is a dielectric? 

5. Describe how to test a condenser to find out if it is shorted. 

6. What is meant by the term capacity when we speak of condensers ? 

7. Give several ways for changing the capacity of a condenser. 

8. Explain the meaning of the dielectric constant K. 

9. What would be the capacity of the condenser described above if three 
layers of paper were used for the dielectric? 

10. What would be the effect on the capacity of the condenser if the metal foil 
were only half as long, that is, 10 feet instead of 20 feet? 

How does a variable condenser work? Examine the variable 
condenser again. Note the size of its plates, their shape, and 
the spacing between the plates. The capacity of the condenser 
depends on the number of plates and on the spacing between them. 
Large-sized plates have more capacity than small ones if the 
spacing is the same. The closer the spacing, the higher the 
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capacity, but if the plates are too close, a spark may jump across 
the plates when high voltage is used. 

When electrons are forced on one set of plates, they repel elec- 
trons on the other set of plates. This is shown in Fig. 137. 

But when the rotor plates are swung around so that the area 
of the rotor plates between the stator plates is larger (see shaded 
areas, Fig. 139) more electrons are forced off the stator plates, 
and, as a consequence, the capacity of the condenser is greater. 

Only the parts of the plates that are opposite each other (the 
shaded area) are working. Thus you can sec that turning the 



Fig. 139. Electrons on the stator plates of this condenser repel those on the 
rotor plates only in the shaded areas. 

rotor plates merely changes the working area and, thereby, the 
capacity of the condenser. When the plates are completely 
meshed, the capacity is greatest. 

What happens in the condenser in your set? First, draw a 
schematic diagram of the antenna and the tuning circuits like the 
one in Fig. 140. The arrows along the antenna circuit show that 
electrons surging downward in the antenna-to-ground circuit 
flow through the primary coil and induce a voltage in the second- 
ary coil. 

Note that this voltage in the secondary drives electrons onto 
side A of the variable condenser and 'pulls them off side B. 

You can easily see that the condenser plates have to be at a 
certain setting so that the condenser will fully charge by the time 
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the downward surge in the antenna is completed and the upward 
surge starts. 

On the upward surge, shown in Fig. 141, the electrons in the 


secondary are pulled off A and 
are forced onto B. 

Now you must again study 
alternating current to learn about 
a new effect it sets up in a coil 



Fig. 140. The arrows on this schematic 
circuit diagram show the direction of cur- 
rent flow through the tuning circuit of a 
radio receiver. When the current in the 
antenna-to-ground circuit flows in this 
direction, electrons are forced on side A 
and are pulled off side B of the variable 
tuning condenser. 

and a condenser, information you 
stand tuning. 



Fig. 141. This shows the action of 
the electrons when the current in the 
antenna-to-ground circuit reverses. 
Electrons are now pulled off side A of 
the variable condenser and are 
pushed on side B. 


will need so that you can under 


PART 4: HOW CHOKE COILS WORK— INDUCTANCE 

When studying direct currents in an earlier chapter, you learned 
that the ease with which electrons drift through a wire depends 
upon the resistance of the wire, which in turn depends upon the 
size of the wire, the material of which it is made, its length, and 
its temperature. Let us think of this resistance from now on as 
the direct-current resistance. 


Experiment : A Choke Coil and Lamp 

A completely new effect takes place when an alternating current 
flows through a wire. 
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Hookup and Operation 

Lay a piece of No. 24 enameled wire, 200 or so feet long, on a 
bench or on the floor in a haphazard fashion. Do not coil it. 
Connect a 40-watt light in series with the wire, as shown in Fig. 
142. Plug the extension cord into a wall outlet. 



Fig. 142. The light dims slightly because the w ire has resistance. 



Fig. 143. When the wire is wound into a coil, the lamp is much dimmer than it 
was when the wire was spread out loosely. 

First, touch a screw driver across the two binding posts to which 
the wire is connected. The lam]) will burn at full brilliance. 

Then remove the screw driver to see how much the resistance 
of the wire dims the lamp. 

Now wind the wire on a cardboard tube 1 inch in diameter (see 
Fig. 143). This is called a choke coil. Wrap the ends of the wire 
around the two screws on the wooden endpieces. Be sure to 
scrape the insulation off the enameled wire, so that it will make 
contact with the screws. Connect the two screws to the clips on 
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the lamp board, and reconnect the extension cord to the wall 
outlet. 

You find that the lamp is much dimmer than before. But why? 
You are now ready to learn the reason that a wire, when wound 
into a compact coil, reduces the current and the brilliance of the 
light. 

Why It Works 

What is back voltage in a coil? A voltage induced inside the 
winding of the coil itself dimmed the lamp. Figure 144 shows a 
few turns of the coil, greatly magnified. 



Fig. 144. The original current shown by — > induces an opposing voltage, shown 
by ►, in the nearby turns of the coil. 

You have learned liow induction occurs between two coils. 
You may he surprised to know that induction can also occur 
between the loops , or turns , of a single coil. The turns of wire are 
placed close together on radio coils, because you want to make use 
of this induction between turns to help pick out, or tune in, the 
stations you want to hear. 

If you wound a primary and a secondary coil of one turn, you 
still would find that a weak voltage was produced in the second- 
ary coil whenever the strength of the current in the primary was 
changed. This effect is shown in Fig. 144. 

When a current starts to flow in a coil, as at X , it sets up a 
voltage in the opposite direction, as at Y. This occurs all along 
the coil whenever the strength of the current changes. 

During the instant that the current strength is increasing, the 
field around the wire is expanding outward. As the field from X 
passes through the wire at Y , it sets up a voltage in this part of 
the wire. You learned that the induced voltage flowed in the 
opposite direction to the primary current. 
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The induced voltage sets up a current at Y which flows back 
against the original current at X and meets it head on. So you 
can see that as the current flows through the wire it induces an 
opposing voltage in the nearby turns. 

The induced voltage is weaker than the original voltage, because 
the magnetic field weakens as it passes through air between turns. 

When the wires are small and close together, the field set up 
by the current flowing in one turn reaches several nearby turns 
and induces in each a voltage. This induced back voltage opposes 
the original voltage, so that less current will flow through the coil, 
and the lamp dims. The technical name of this back voltage is 
inductive reactance . The reactance, or back voltage, is produced 
by the inductance of the coil. 

Since the back voltage reduces the original current, it is some- 
times thought of as producing the same result as a resistance. 

Alternating-current resistance is equal to back voltage plus 
direct-current resistance. You must remember that the atoms 
of the metal wire resist the flow of electricity. This is the direct- 
current resistance you studied earlier. 

So the total opposition to the flow of alternating current is 
caused by two things: one, the back voltage, or reactance, and 
the other, the direct-current resistance. The total effect of these 
two combined effects that make up alternating-current resistance 
is called impedance^ to keep it from being confused with simple 
direct-current resistance. 

What are some practical applications of the choke coil? Choke 
coils are used in many places in radio circuits. You will soon 
learn how a choke coil opposes the flow of an alternating current 
but allows a direct current to flow freely in a receiver. When 
current flows through a resistor, energy is lost as heat, but when 
a choke coil opposes the flow of alternating current, no appreciable 
energy is lost. 

You can use a choke coil with an adjustable plunger to control 
the current flow in an alternating-current circuit. 

Experiment 

Hookup . Connect a 40-watt lamp in series with a choke coil, 
as shown in Fig. 145. Use the double-pole double-throw (dpdt) 
switch, as shown here. Connect B batteries to one set of con- 
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tacts of the double-pole double-throw switch. They should fur- 
nish 115 volts of direct current. 

Connect the other two points of the double-pole double-throw 
switch to the 115-volt alternating-current outlet. 

Operation. First, throw the switch so that the batteries are 
connected to the lamp, and note the lamp’s brilliance. Try mov- 
ing the core in and out of the choke coil to see the effect it has 
on the brilliance of the light. Work rapidly, because the batteries 
run down very quickly when connected to a lamp. 

115-volt 40-watt 



Fig. 145. Use this circuit to see the effect of the choke coil when a direct current 
or an alternating current flows through it. Watch for any difference in the glow 
of the lamp. 

Now throw the switch to connect the choke coil and lamp to 
the alternating-current supply, and notice the effect on the bril- 
liance of the lamp. Note the effect of moving the core in and 
out of the coil. The lamp is brighter when the core is all the 
way out of the coil than when it is all the way in. 

Why It Works 

You saw in this experiment that the choke coil has little or no 
effect on the strength of a steady direct current. Direct current 
flows readily through the choke coil, with only a slight loss owing 
to the resistance of the wire in the coil. 
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But when you used an alternating current, the lamp dimmed, 
showing that a back voltage was set up in the coil. 

When you pushed the core all the way in the coil, you increased 
the magnetic effect of the coil and the amount of back voltage, 
thereby reducing the brilliance of the lamp. You will find a choke 
coil used in radio circuits where you wish to allow a direct current 
to flow and, at the same time, wish to reduce the flow of an alter- 
nating current. You will find an air-core choke coil used for this 
purpose in the regenerative detector circuit, as well as in trans- 
mitter circuits. 

What Happens When the Current in a Choke Coil Dies Out? 

You found that when a direct current begins to flow in a choke 
coil, it induces a voltage in the nearby turns of the coil which 
hinders the flow of the original current. What will happen when 
you shut off the current, and the field of force around the wires 
of the coil collapses? 

Examine the diagram in Fig. 146. As the lines of force collapse 
back toward the primary wire, they are moving in the direction 
opposite to that of Fig. 132, where the primary current was 
growing. 

As the lines of force move past the secondary wire, part of their 
energy is used to move electrons in that wire. The left-hand rule 
tells us that the collapsing lines of force induce in the secondary 
wire a voltage which drives the electrons in the direction opposite 
to that shown in Fig. 132, when the current was first turned on. 

This means that when the current dies out in the choke coil, 
the back voltage produces a current that flows in the same direc- 
tion as the original current. This back voltage tries to keep the 
original current flowing. An experiment will show you this effect. 

Experiment 

Find an electrodynamic (electro-dynamic) speaker with a low- 
resistance field winding. These speakers, common in the early 
days of radio, used a storage battery to supply field current. Con- 
nect wires to the dynamic-speaker field. Touch the metal clips 
on the ends of the wire to the terminals of a storage battery. You 
will see no spark and get no shock when you make the attach- 
ment, because the voltage is so low. Hold the terminals on the 
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battery while you count to 10 slowly. Then remove one clip with 
a scraping motion. You should sec a spark, and you will get a 
light shock. 

Why It Works 

When you touched the clips to the battery, current immediately 
began to flow through the field winding. The magnetic field 



Fig. 14(>. The current is dying out in the primary wire. As the field around the 
wire collapses, there is set up in the wires a back voltage which tries to keep the 
original current flowing. Note that this back voltage is in the opposite direction 
to the back voltage that occurs when the current starts to flow through the wire. 

around the winding required a fraction of a second to build up, 
because the back voltage opposed the growing current. Since 
there are many hundreds of turns of wire and a large iron core in 
the field coil, a strong field is built up. 

But when you scraped the clip away from the battery terminal, 
you noticed a spark and you felt a shock. Why did you get both 
a spark and a shock from a 6- volt battery? Back voltage at the 
time the circuit was broken caused this shock and the spark. 
When the current was turned off, the intensely strong magnetic 
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field suddenly collapsed. As the lines of force whipped swiftly 
past the hundreds of turns of wire in the field winding, they 
induced a small voltage in each wire. Since the wire of the coil is 
continuous, the hundreds of weak voltages added and produced a 
stronger back voltage than the original 6 volts of the storage 
battery. 

Summary of the Principle of Self-induction 

l^et us bring together the facts that you have learned about 
back voltage. 

1. You know that when a current starts to flow, it will generate 
in the coil a back voltage that opposes the original current. 

2. You know that less alternating current will flow through a 
coil of wire than through the same wire laid out straight. 

3. You know that when a core is put into the coil, the back 
voltage is much stronger and still less current flows. 

4. You know that when the current in the coil is shut off, a 
back voltage again is set up, now in the direction of the original 
current. 

Rule. The choke coil opposes any current change. It tries to 
stop, or hinder, a current that is starting and if “pulls,” or tries to 
keep flawing, a current that wants to stop. 

PART 6: WHAT REACTANCE IS AND HOW IT IS FOUND 

What effect has a choke coil on current and voltage? Both the 
electrical engineer and the radio engineer are concerned with the 
effect of a choke coil on both current and voltage when they design 
circuits. You can connect a lamp to the oscilloscope and show 
on the screen that the current and voltage work together when 
they flow through the filament. 

The oscillograph would show that the instant the electricity is 
turned on in a lamp, both voltage and current curves rise and fall 
together. The sine curve in Fig. 147 shows this happening. 

This sine wave shows both the alternating current and the 
alternating voltage. You get overlapping sine waves because both 
current and voltage become strong and weak at the same time. 
They are in step, or in phase. You can use the electrical term 
in phase to describe two conditions occurring together in step, or 
at the same time. 
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However, when you try to show the sine waves of the current 
and voltage that flow through a choke coil and lamp circuit, you 
then see two curves, one ahead of the other (see Fig. 148). A 
special switching circuit must be used. 

When a current of electrons starts through a coil, it at once is 
opposed by the current set up by the induced back voltage. Just 
what happens can be seen on an oscilloscope. The current and 
the voltage sine waves trace patterns, as shown in Fig. 148. 



Fig. 147. This is the combined sine 
wave of the alternating current and 
voltage applied to the lamp shown in 
the circuit of Fig. 142. Note where 
the curve starts at A. 



Fig. 148. This is the kind of wave pic- 
ture you should see on the oscilloscope 
for the choke coil and lamp shown in 
Fig. 148. It shows both the sine curve 
for current and the curve for voltage as 
they are forced out of phase by the 
action of the choke coil. 


Note that the voltage sine wave starts at the left of the screen. 
Also note that the sine wave for current starts almost one-quarter 
of the way across the screen. 

The distance to the right that the current wave starts behind 
the voltage wave is called lag of the current behind the voltage. 
T his is the time it takes for the current to grow to full strength 
after the voltage reaches full strength. The lag is the result of 
the back voltage of the coil. We now say that the current and 
voltage are out of phase. 

Why it works. When the lamp, which has resistance only, was 
in the circuit alone, both current and voltage went together from 
full strength to zero and on to full strength in the opposite direc- 
tion. There was no back voltage in the circuit. But when you 
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connected the choke coil in the circuit, its back voltage made the 
current grow to full strength later than the voltage did. The 
voltage rose to full strength almost instantly. But the electrons 
meeting other electrons pushed back through the wire by the back 
voltage reached full strength after the voltage had gone on almost 
another quarter cycle. So we say that when a choke coil is in the 
circuit, the voltage leads the current by 90 degrees. The voltage 
and current are now almost 90 degrees out of phase. 

Why is the back-voltage effect important? Why does one coil 
produce little back voltage, while another produces a great deal? 
It is important for the radio designer to know accurately the 
amount of back voltage produced by a coil in a radio circuit, 
because he uses reactance, or the back- voltage effect, for tuning. 

What things affect the back voltage of a coil? In the choke- 
coil experiments, you found that a coil with many turns produced 
more back voltage than one with few turns. You also found that 
putting an iron core in a coil increases the back voltage. These 
different things that affect voltage can be gathered into a formula, 
which you can use to find the back-voltage effect for coils of many 
different sizes. The answer found by working out this formula is 
the inductance of the coil. 

Inductance is the measure of a coil’s ability to set up a back 
voltage. Here is the formula for inductance and the meaning of 
the letters in it. 

j (r 2 n 2 ) 

L ~ 9r + 10Z 

where L = the total inductance of the coil in mierohenrys. (A 
microhenry is loo o ~^0 of a henr y-) 
l = the length of the coil in inches. 

r = the radius of the coil in inches. (The radius is half 
the diameter.) 

n = the number of turns of wire in the coil. 

This formula may look mysterious, but when it is applied to an 
actual coil, it will become a sensible and useful radio tool. Why 
were the different letters put into the formula? 

Why are r 2 and n 2 used? A long coil has more inductance than 
a short coil because there are more turns of wire in it. You must 
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multiply the number of turns of wire, n by itself n 2 (read n square), 
because the magnetic field around a single wire reaches out and 
sets up a back voltage in the nearby wires. If the magnetism 
affected only the nearest wire, the n would not be squared. This 
effect is great enough so that we not only square the number of 
turns n 2 , but we also square the radius of the coil r 2 . 

How do you work out the formula? The secondary of the 
tuning coil in Fig. 127 was wound with 60 turns of No. 24 enameled 
wire on 1-J-inch diameter coil form. It was wound in one layer 
and was 1^ inches long. First, make a list of the facts you will 
need for your formula. 

L = the inductance in microlienrys to be found by working out 
the formula 

l — 1 j inches (length of the coil) 
r = f-inch radius (half of the li-inch diameter) 
n = 60 turns 
n 2 = 60 X 60 = 6(500 


How to Read the Formula 


_ (!■*»*)_ 
9r + 10/ 


Read the formula in this way: The top line is read as r squared 
n squared. As written, it means to multiply r times r times n 
times n. The bottom line, 9r + 10/, means to multiply 9 times r 
and then add this answer to 10 times Z. 

The line between the two sets of numbers means that the answer 
above is to be divided by the answer below. This gives the answer 
to the problem in microhenrys of inductance. 

Now substitute your facts in this formula 


L 


(r 2 n 2 ) 

= 9 r + 10/ 

(1 X 1) X (60 X 60) _ X 6600 
" (9 X i 1 ) + '(10 X 1£) 6.75 + 15 

_ 2025 
" 21.75 


Multiply before you add. 


= 98.1 microhenrys 


The total inductance of the coil is 98.1 microhenrys. 
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Uses of reactance, or back voltage. Reactance, or back volt- 
age, the effect produced when a current flows in a coil, is used in 
many ways in radio circuits. The back voltage produced in a 
given coil depends on the inductance of the coil. Later on you 
can use the inductance in a simple formula that will help you in 
planning the tuning circuit. 

In the next chapter you will find how the back voltage of the 
coil and of the condenser can be used to tune your receiver to 
stations you want to hear. 

How is reactance found? Reactance is found by using a simple 
formula. It was discovered by experiment that a coil with a cer- 
tain inductance would set up a definite back voltage. The hinder- 
ing effect in the circuit caused by back voltage is measured in 
ohms, even though it is produced in a manner different from 
resistance. It was also found that the rate (the number of times 
per second) at which the alternating current changed direction 
also affected the back voltage. This is the formula that was 
worked out from many experiments. 

X L = 2ir/ L 

How is this formula read? Read this formula as follows: 
Reactance of a coil, in ohms, equals two times pi times frequency 
in cycles per second times inductance in henrys. 

Where X L , read as X sub L, represents the reactance of a coil at a 
given frequency owing to its inductance. The answer 
will be in ohms. 

v, the Greek letter pi, equals 3.14. 2tt = 6.28. 

/ represents the frequency of the alternating current 
(the number of electron round trips per second). 

L represents the inductance in henrys that you have just 
learned how to work out. 

Now apply this reactance formula to find how much reactance 
is possessed by the secondary coil whose inductance you just cal- 
culated. This coil has 60 turns of No. 24 enameled wire wound 
on a form inches in diameter. Assume that you are interested 
in the reactance of the coil at 1,000,000 cycles per second, which is 
near the middle of the broadcast band. 
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Write out the values you know 

X L = value to be found 
2x = 2 X 3.14 = 6.28 
f = 1,000,000 cycles 

L = 93.1 microhenrys, the value you found for the secondary 
coil (0.0000931 henry) 

X L = 6.28 X 1,000,000 X 0.0000931 
= 584.(5 ohms 

PART 6: HOW BACK VOLTAGE OCCURS IN A CONDENSER 

What is the reactance of a condenser? The back voltage effect, 
or reactance, also occurs in a condenser. When free electrons are 



Fig. 149. Electrons already on the negative plate of the condenser repel others 
trying to get on the plate. Because the positive plate is short of electrons, it 
“pulls” back on those trying to leave. 

forced on the plates of a condenser, a back voltage is set up, but it 
occurs for a different reason than back voltage in a coil. 

As electrons first rush into a condenser, there are few extrafree 
electrons on the plates. Back voltage builds up, however, as the 
number of free electrons on the negative plate increases and as 
the free electrons are pulled off the positive plate. All the free 
electrons on the negative plate repel the others trying to get on 
the plate (see Fig. 149). The positive plate, which needs elec- 
trons, tries to hold onto those that are being pulled off. 

As the number of free electrons on the negative plate nears the 
total that the plate is able to hold, the back voltage increases 
until it finally stops oncoming electrons altogether, when the con- 
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denser is fully charged. The back voltage then equals the volt- 
age forcing electrons into the condenser. A similar, but opposite, 
action takes place on the positive plate. Here the pull of the 
plate, which needs free electrons, becomes enough to equal the 
pull of the external voltage, and no more electrons flow. 

How does current lead voltage in a condenser? Because the 
free electrons can rush into the condenser easily when it begins 
to charge, no back voltage occurs. But as the condenser nears 
full charge, the back voltage builds up rapidly, as you learned 
above. So you say that the current leads the back voltage in a 
condenser, because there is little back voltage when the condenser 
is empty (uncharged) and the charging current is just started, 
and the back voltage is greatest when the condenser has become 
charged and the charging is almost stopped. The formula for 
capacitive reactance is X e = 1 /27T rfc. 

PART 7: HOW IMPEDANCE— ALTERNATING-CURRENT 
RESISTANCE— IS WORKED OUT 

There still is another effect, that of the direct-current resistance 
of the circuit, which you must take account of when studying 
alternating-current resistance. How is it handled in any problem? 

The reactance (back- voltage effect) that you worked out showed 
only part of the hindering effect set up by the coil when it was 
put in the circuit with a lamp. The alternating current flows 
through a coil against the resistance of the metal wire. The 
resistance cuts down the flow of alternating current. Thus both 
reactance and resistance add together in some way to form the 
total hindering effect that is known as alternating-current resist- 
ance , or impedance . 

However, you cannot add 30 ohms caused by wire resistance in 
the coil to 40 ohms of reactance and get 70 ohms of impedance. 
You will find that this answer is incorrect. There would be only 
50 ohms of impedance. 

There is an easy way to show how to combine resistance and 
reactance. You know that the current lags behind the voltage in 
a coil. You also know that the voltage and current in a resistor 
are in phase. You can use a diagram to find the impedance. 
This diagram is called a vector diagram. You use geometry instead 
of arithmetic to work out the answer. You first draw an arrow 
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that is as many units long as the number of ohms in the resistance. 
Tf the resistance is 30 ohms, the R arrow will be 30 units long. 
(You could use |-inch units; the R arrow then would be inches 
long.) 

Now draw another arrow, the X L (inductive reactance) arrow, 
up from and at right angles to the R arrow; make it 40 units long. 
Then connect the ends of the R and X arrows with a third line Z 
to form a right triangle. Measure the length of the Z arrow. 
You will find that it is 50 units (12| inches) long. You read it 
as 50 ohms impedance. This is the value of Z, the impedance of 
the coil. 

You also can work out these values by what is known as a 
square law, which is written 

Z 2 = A ' 2 + R 2 

You can also write this law as 

Z = \/A 2 + R 2 (Z equals the square root of A ’ 2 + R 2 ) 

Now find the value of Z, using this formula 

Z 2 = A ' 2 + R 2 

where Z = What you want to find. 

X = 30 
R = 40 

Z 2 = 30 2 + 40 2 

Z 2 = (30 X 30) + (40 X 40) Do all multiplication before 
you add. 

Z 2 = 900 -M600 = 2500 

Z = V2500 = 50 ohms (50 equals the square root of 2500) 
This value of 50 ohms is the impedance. 

What is the explanation of this formula? When the current 
tries to flow in a coil, it is hindered by the resistance of the wire 
itself. It is also hindered by the back voltage set up in the coil 
by the changing current strength. But since the current lags 
behind the back voltage, you must use this geometrical method 
to “add” direct-current resistance and reactance in an alternating- 
current circuit. When the current tries to flow into a condenser, 
it meets not only the resistance of the metal of which the plates 
are made but also the back voltage set up by electrons on the 
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plates. Current now leads the voltage. The formula for the react- 
ance of a condenser now is 



Where are reactance and impedance used in radio? In this 
chapter you have spent much time studying the theory that 
explains how free electrons act as they surge in and out of coils 
and condensers. This information is needed so that you can 
understand how electron surges act when induced in the secondary 
of the coil and the set can be tuned by the variable condenser so that 
you can hear any broadcasting station that you wish. This is the 
basis for the selector, or tuning, circuit that you will study in the 
next chapter. 

Questions 

1. What is reactance ? Try to explain it witli as simple words as possible. 

2. What is a choke coil? 

3. Distinguish between inductance, reactance, and impedance. Give an illus- 
tration of each. 

4. What is the difference between induction and self-induction? 

5. What is meant by current lag ? 

6. What do we mean by saying that the current and voltage are 90 degrees 
out of phase? 

7. What would be the inductance of a coil made of 35 turns of No. 18 enameled 
wire if the coil were 3 inches long and 3 inches in diameter? 

8. What would be the reactance of the coil described on page 200 if 1,500,000 
cycles were used instead of 1,000,000? 

9. What would be the impedance of the circuit mentioned on page 202 if the 
reactance R equaled 40 ohms and the resistance Xl of the wire equaled 30 ohms? 

Technical Terms 

back voltage — The opposing voltage which a current induces in a coil, 
capacitive reactance — Back voltage which is set up in a condenser, 
capacity — The quantity of electrons that a given voltage can force into a con- 
denser. Capacity is measured in microfarads or in micromicrofarads, 
choke coil — A coil used to limit the flow of alternating current in a circuit, 
condenser — Two metal plates separated by an insulator, 
conductor — A wire, or other material, which carries a current, 
core — The iron center around which the primary and secondary are wound, 
current lag — When current flows into a coil, the back voltage occurs early and 

causes the current to lag behind the voltage, 
current lead — in a condenser the back voltage occurs late, allowing the current 

to lead the voltage. 
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dielectric The insulator between the conductors, or plates, of a condenser, 
dielectric constant K — A number which compares the dielectric qualities of a 
given material with those of air. 

electromagnet — When a current flows through a coil of w ire the coil acts like a 
magnet. It is called an electromagnet, 
impedance — The combination of reactance (back voltage) and resistance, 
inductance — The property of a coil which makes possible back voltage. Induct- 
ance depends on the number of turns, the wire size, the presence of a core, and 
the length of the winding. 

induction — Process by which an alternating current is induced in the secondary 
of a transformer when an alternating current or a pulsating direct current 
flows in the primary. The two coils are linked only by magnetism; there is no 
other electrical connection. 

inductive reactance — Back voltage which is generate 1 in a coil, 
lag, or lead — When either current or voltage gets out of step in a circuit it is 
said to lag or lead, depending on the conditions in the circuit. 
pi — The abbreviation for microfarad. 
ppf — The abbreviation for micromicrofarad. 

mutual induction — Mutual induction occurs when a varying current in one coil 
induces a voltage in a nearby coil. 

phase — Phase refers to time. When current and voltage are in phase, they rise 
and fall together. When out of phase , current may lead voltage. Current 
then rises and falls before voltage. Current may also lag voltage, 
primary — The coil of a transformer in which the original, or driving, current 
flows. 

reactance — The opposition that the inductance of a coil or the capacitance of a 
condenser offers to a flow of current. 

secondary — The coil of a transformer in which a voltage is induced by a changing 
current in the primary. 

Short — When wires that run from a power source to a load, such as a lamp or a 
transformer, touch together, they are said to be “shorted,” and a heavy current 
flows. 

transformer — Two coils, one called the primary, the other the secondary, used 
to raise or lower the voltage, or current. An alternating current or a pulsating 
direct current in the primary will Induce a voltage in the secondary. No 
voltage is induced when a steady direct current flows in the primary; no 
electrical connection is made between the coils, 
transformer core — A laminated, soft-iron form on which the primary and second- 
ary coils are mounted. 

tuning— -The process of selecting stations. Tuning is generally done by adjusting 
the capacity of a variable condenser. 

vector rffflgraiw — A method of working out electrical aud radio problems by 
using lines. 
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When you connect the antenna and ground wires to your 
receiver, weak alternating currents flow in its antenna-ground 
circuit if radio waves are passing your antenna. You would like 
to have this alternating current cause your set to play the pro- 
gram that you wish to hear. 

But the trouble is that your antenna may pick up radio waves 
from many stations at the same time. Each station that is broad- 
casting sends out radio waves, which, when they reach your 
antenna, set up a weak alternating current at the special fre- 
quency assigned to that station by the Federal Communications 
C ommission. 

You will need in your receiving set a special circuit to separate 
the currents set up by the radio waves from these stations, so that 
you can select any one station that you may want to hear. The 
circuit that does this is called the inning circuit . In this chapter 
you will study two important radio fundamentals: the tuning cir- 
cuit and how it operates; and resonance, or electrical cooperation, 
in a radio circuit. 

The things you will learn in this chapter arc under the following 
headings : 

Part 1 : How to Tune by Changing the Length of the Antenna 
Part 2: How to Tune by a Loading Coil in the Antenna Circuit 
Part 3: How to Tune by Means of a Variable Condenser 
Part 4: How We Summarize the Tuning Process 
Part 5 : How Coupling Affects Tuning 

PART 1: HOW TO TUNE BY CHANGING THE LENGTH OF THE ANTENNA 

Build a set and attach an adjustable-length antenna. In this 
section you will build a receiving set and attach an antenna that 
you can change in length at will. Then you will operate the set 
and learn why it works. 
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How to Build the Set 


Make the baseboard. The layout of the set board is shown in 
Fig. 150. 




Wire the set as shown in Figs. 150 and 151. 

This is the same set board and circuit that you used in Chap- 
ters (> and 7. It will be used in many experiments with both 
receiving circuits and power supply units. 
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Make the antenna reel. Make the mast of a piece of wood 
about 6 ft. X 1 in. X 2 in. Make a reel of three pieces of wood 
nailed or screwed together. The reel needs a deep groove (see 
Fig. 152). Attach a handle to the reel so 
that you can turn it as you reel the wire in 
or out. 

At the top of the mast, attach a wooden 
block through which a hole has been drilled. 
Round the upper end of the hole so the wire 
will run smoothly. Attach the reel to the 
mast with a stove bolt, about 18 inches from 
the lower end. 

Wind 200 feet of No. 16 bare copper wire 
on the reel. Run the free end of the wire 
through the hole in the wooden block which 
is attached to the free end of the mast. 

Make the antenna and ground connections. 
Attach the free end of the antenna wire to 
the grid binding post on the set. Loop the 
wire over a support, so that the strain on the 
antenna will not pull the set out of the window. 
Connect the ground wire to the A-negative 
post (see Figs. 150 and 151). 

How to Operate the Set 

Step 1. Connect a grid-leak resistor of ^ 
to 3 megohms between the filament and grid, 
as shown in Fig. 150. 

You must find by test the size of grid leak 
that gives you the best results. The grid 
leak must be used because the grid will col- 
lect electrons on each positive surge until it 
becomes so negative that the tube will no 
longer operate. 

Connect a pair of 2000-ohm earphones to the set board, 
as in Fig. 150. 

Step 3. Insert the 1LE3 tube in its socket, connect the A and 
B batteries, and the set is in operation. 



antenna reel is con 
structed. 


Step 2. 
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Step If. Two persons should work together on this experiment. 
One unreels the antenna, and the other operates the set. The one 
operating the set should put on the earphones and listen for sta- 
tions. The reel carrier should slowly unwind the antenna as he 




Tuning Is Sometimes a Very Precise Process 


Tuning this resonant cavity of a 00,000-mcgacycle klystron tube requires great 
precision. Tuning is assisted by use of a magnifying glass. 


walks away from the building, holding the wire so that it will not 
touch the ground. When a station is heard, the listener should 
write down the number of steps the reel carrier has taken from 
the set. 
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This set tunes very broadly, which means that it will not be 
particularly effective in separating stations. 

The reel carrier now goes farther away. When the first station 
fades, the set operator should again call out to find the number 
of steps. Keep a record of the lengths of antenna needed to tune 
in several nearby stations. 

Check the carrier’s steps as the antenna is wound in to see if 
the various stations reappear at about the same lengths of wire 
as when they were first heard. As wc have said, this set is too 
inefficient to separate different stations completely, but it shows 
nicely a very simple method of tuning. It will pick up consider- 
able hum if it is near power wires or lighting circuits, but the sig- 
nals should be heard through the hum. 

Questions 

1. Why must the antenna be prevented from touching the ground? 

2. How far from the set was the person unwinding the antenna when the first 
station was heard ? 

3. Did the station increase in volume for a while as the antenna was unwound ? 

4. How many steps long was the antenna when this station faded out? 

5. Could any other stations be heard at the same time as the first one? 

6. Record the lengths of antenna for each station when it comes in and when 
it fades out. Graph these figures on a straight line on a piece of paper in order 
that you may see just how much the stations overlap. 

Why It Works — The Theory of Tuning Explained 

The length of the antenna affects tuning. When one part of a 
radio wave strikes the antenna, it causes a current to surge through 
the antenna-ground circuit (sec Fig. 15JL4). There is enough 
capacity between the tube elements to allow the passage of these 
surges. The antenna and ground wire must be of approximately 
the right length for the electron surge to return to the end of the 
antenna before the next wave arrives. When the next wave arrives, 
it gives the electrons a push and starts another surge down the 
antenna. This antenna-ground wire will have the strongest cur- 
rent possible started by each passing wave. 

What is the effect of too long or too short an antenna? When 
the antenna is too long, as in Fig. 153 B, the electrons do not have 
time to surge to the ground and return to the end of the antenna 
before the next radio wave arrives. This wave also starts elec- 
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trons down the antenna. The two surges meet and their effect is 
almost, or entirely, killed. The result is that weak signals or no 
signals are heard. On the other hand, if the antenna is too short, 
the incoming wave and the antenna current will be out of step 
and the current will be reduced. 



A B 


Fig. 153. How the length of the antenna affects timing. The three diagrams at 
A show the antenna adjusted to the correct length for the desired wavelength. 
The antenna at B is too long. 

There is an antenna length for each frequency. Each broad- 
casting station transmits on a definite wavelength, or frequency; 
that is, it sends out a definite number of pulsations, or radio 
waves, per second. This number of waves per second is differ- 
ent for each station. So it is possible to tune roughly to a par- 
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ticular broadcasting station by changing the length of the antenna 
to fit the timing, or frequency, of the waves it sends out. 

When you do this, you are adjusting your antenna to the same 
electrical length as the length of the broadcasting station’s antenna. 

Questions 

1. If the first radio wave, or impulse, that strikes the antenna happens to 
cause the current to flow from the ground to the antenna, in what direction will 
the next impulse cause the current to flow ? 

2. Suppose the antenna is too long. If the current flows from the antenna to 
the ground and has time to get just halfway back when the next corresponding 
radio wave arrives and sends another current down the antenna, will the currents 
oppose each other, or will they add and produce a greater volume of signals ? 

3. Suppose the antenna is too short. If the current flows from the antenna to 
the ground and has time to get back to the end of the antenna long before the 
next corresponding radio wave strikes, will you get maximum efficiency and 
loud signals? 

4. Suppose the antenna is of such a length that the current which flows from 
the antenna to the ground just has time to get back to the end of the antenna 
when the next wave strikes. Will there be any interference among the radio- 
frequency surges? How will the volume of the signals compare with those in 
Questions 2 and 3 ? 

6. A certain transmitting station is heard loudest when the receiving antenna 
is 200 feet long. Draw a diagram to show the positions of the radio waves and 
the radio-frequency currents for this station when you are using a receiving 
antenna 50 feet in length. 

PART 2: HOW TO TUNE BY A LOADING COIL IN THE ANTENNA CIRCUIT 

In this hookup you use the same tuning principle, but you make 
the mechanical tuning operation much simpler. Here you wind 
part of the long antenna on a tube along which runs a contact. 
You can change the length of antenna wire in the circuit by mov- 
ing the contact instead of by reeling and unreeling the antenna. 

The circuit is further simplified by the use of an antenna of fixed 
length built permanently in place. 

How is the loading coil built? Make the coil form of a card- 
board or Bakelite tube about 3 inches in diameter and about 
8 inches long. Use square wooden ends to support the tube and 
to carry the slider rod. Have the slider run on a ^-inch square 
brass rod and make contact with the bared wire by means of a 
spring (see Fig. 154). 

How is the coil wound? Use 265 turns of enameled wire, about 
No. 22, for winding the coil. If you use cardboard, boil it in 
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paraffin for 20 minutes. This fills the pores with paraffin and 
keeps the form from swelling and shrinking with weather changes. 
If the tube shrinks, the wire will loosen. Shellac or lacquer 
painted on the form can also be applied instead of paraffin to 
prevent moisture from affecting the cardboard. Cover the inside, 
outside, and the ends thoroughly. If you use a Bakelite tube, no 
shrinkage will occur. Scrape off the insulation under the sliding 
contact. 

What happens if other wire and tube sizes are used? If a 
smaller tube is used, wind on more turns. If a larger tube is 



used, wind on fewer turns. The size of wire does not affect the 
number of turns required, but it does affect the amount of space 
required for the winding. If no slider can be had easily, a bare 
wire held in the hand and moved over the coil will act as a slider. 

Questions 

1. Describe a handy means of turning the coil while you are winding on the 
wire. 

2. Would this be a satisfactory method of winding the coil? 

3. What are the advantages of tight winding? 

4 . What are the advantages of using an insulated wire for the coil? 

6. If insulated wire is used, what is a handy method for making contact with 
the slider? 
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How to Hook Up the Set 

Attach the loading coil in series with the antenna as follows: 
Connect the antenna to the slider and connect one end of the coil 
to the antenna post on the tube board (see Fig. 154). 

Attach the A and B batteries, the earphones, the grid leak, and 
the ground connection as shown in Figs. 154 and 155. The set 
is now ready to operate. 



Fig. 155. Circuit diagram for the loading-coil tuning experiment. 


How to Operate the Set 

Start with a slider near point 0, Figs. 154 and 155, moving the 
slider until you hear a station. At this point a little wire in the 
coil is in the circuit, and the effect is similar to using a short 
antenna. 

Now, set the slider near point M, Fig. 155, and adjust it as 
before until a station is heard. Here the effect is the same as 
when you use a longer antenna. 

How is the frequency of a station found? The frequencies of 
the different stations in your locality can be determined from the 
radio programs published in your local newspaper or from lists of 
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stations that can be obtained from your radio dealer. When 
wavelengths are given, the higher frequencies correspond to the 
shorter wavelengths and the lower frequencies are for the longer 
wavelengths. That is, a short antenna tunes to a high frequency 
and a long antenna to a low frequency. 

What conclusion can you draw? It can be seen from this experi- 
ment that the coil may be used as a simple way to change the 
effective length of the antenna and so simplify tuning. It has 
not been necessary to go outside and work with the antenna at 
all but it has been possible to make any adjustment for tuning 
right on the set itself. 

You may have noted that tuning was somewhat sharper with 
the loading coil. You should find it easier to separate stations 
when using it than when you used the antenna reel. 

PART 3: HOW TO TUNE BY MEANS OF A VARIABLE CONDENSER 

Use a transformer. In this experiment, you will use a trans- 
former, which, as you know, has two separate windings. You 
will connect one of the windings to the antenna circuit and the 
other to the grid circuit of the tube. 

Tuning the secondary of the transformer by means of a slider, 
as in Part 2, would be inconvenient and would be a source of noise 
in the operation of the set. This method also would be inefficient 
electrically, since the turns short easily and do not permit close 
t uning A more efficient and simpler scheme for tuning the one- 
tube set is by means of a variable condenser shunted across the 
secondary coil. Much sharper and more convenient tuning is 
possible by means of condensers. 

How to Build and Wire the Set 

Make a baseboard of i-inch pine, 9£ inches wide and 20 inches 
long. Screw f-inch by 9-inch cleats 1 inch from each end of the 
board on the under side. Paint or lacquer the board. This will 
prevent the board from soiling and will show up the wiring better. 

Wind the transformer. Wind a 20-turn primary and a 00-turn 
secondary on a 2-inch-diameter Bakelite tube, for the receiving 
transformer. Use enameled wire. No. 24. Space the two coils 
\ inch apart, as shown in Fig. 156. 
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Use some definite system when wiring. Some system must be 
used when wiring a set, or wires will be left out of the circuit, 
and the set will not work. It is easy to burn out tubes and to 
ruin parts by incorrect connections. Here is a simple system of 
wiring that you can follow on all your sets. Wire each part of 



diameter 


Na20 enameled wire 

Fig. 156. Board layout for the -ooil -condenser tuned receiving circuit. 



Fig. 157. This is the circuit diagram for the condenser-coil tuned circuit. Note 
where the wire from the condenser jumps the wire to the A-plus binding post. 
The dot shows where wires are joined. 


the circuit separately, completing it before you start another part. 
This will be easy to do, if you place each part on the set board in 
the position it will have when connected. Refer to Figs. 156 and 
157. Note that the parts are placed on the set board so that the 
finished board will look just like the wiring diagram shown on the 
schematic circuit. Use either bare tinned or enameled copper 
wire, No. 16, to hook up your set. If you use enameled wire, 
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you will have to scrape off the enamel with a knife for all joints 
and where you attach the wire under a binding post. 

Wire the antenna-ground circuit. Connect a wire from the 
antenna binding post to one end of the primary coil (sec Fig. 156). 
Connect a wire from the other end of the primary to the ground 
post. 

Solder all connections. Bend the wires to form corners, as 
shown on the board layout in Fig. 156. 

Wire the secondary-grid circuit. Run a wire from one end of 
the secondary to the grid (No. 0) on the tube socket. 

Connect a wire from the other end of the secondary to the 
A-positivc terminal (No. 1) on the tube ocket. This wire is 
called the grid return and is connected to the positive side of the 
filament. 

Now connect a wire from the stator, or fixed plate, of the con- 
denser to the grid end of the secondary. 

Connect a wire from the rotor, or movable plate, of the con- 
denser, to the grid-return wire. Your hand will then have no 
effect on tuning when near or on the knob. Also connect a wire 
from the B-minus battery terminal to the giouml. This often 
improves the operation of the set. 

Wire the filament circuit. Connect a wire from the A-minus 
binding post to the other filament terminal (No. 8) on the tube 
socket. 

Wire the plate circuit. Connect a wire from the plate (No. 2) 
terminal of the tube socket to one of the earphone binding posts. 
Run a wire from the other earphone post to the B-positive post. 
Connect a wire from the B-minus post to the A-positive post. 

Here Are Some Wiring Hints 

Soldering. Solder every joint except when the wire can be 
screwed down tightly under a binding post. Such wires should 
be scraped clean at the joint. Noisy set operation is usually 
caused by loose and unsoldered joints. 

Neat Wiring Methods vs. “ Haywire .” Any sets that you build 
should be neatly wired, since you want to become familiar with 
the circuits and avoid mistakes in wiring. Fasten the wires to the 
baseboard with small staples, or solder them to the heads of small 
nails driven into the board. 
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How to Operate the Set 

Step 1 . Connect the antenna and ground lead-in wires to the 
antenna and ground posts on the set. The antenna lead-in wire 
must be insulated. 

Step 2 . (a) Put the 1LE3 tube in the socket. ( b ) Connect two 

insulated A-battery wires to the connectors on the set. (Attach 
these wires to the set first, so that if the bare wire ends touch, 
they will not short the A battery and ruin it.) (c) Connect the 
A-battery wires to a 1^-volt dry cell. Be sure that the connec- 
tions are correctly made. 

Step 3 . Connect the B battery and the earphones as follows: 
(a) Connect two insulated wires to the B-positive and B-negative 
posts on the set. Connect these wires to the set first to avoid 
shorting the B battery. ( b ) Connect the wires to a 22^- volt B 
battery. Check to see that the positive and negative connections 
are correct. The set will work only when these connections are 
correctly made, (c) Put on the earphones. Connect one tip of 
the phone cord to the phone connection -on the set. A loud noise 
will be heard in the phones when the other tip is touched to the 
connection. The filament must be heated, or no sound will be 
heard. 

Operating Hints 

The B battery will burn out the tube filament if it is connected 
across the A connections. This mistake is not likely to be made 
if the A battery is connected first. 

Loose connections are noisy, since the resistance of the connec- 
tions changes if the set or table is jarred. Small changes of resist- 
ance may be heard in the phones as a noise. 

Tube sets are quiet either when all connections are soldered or 
when the wires are scraped clean and bright and then twisted 
tightly together for several turns. Soldered joints are preferable. 

Why It Works 

What is tuning? When you turn the tuning condenser of your 
receiving set, you adjust the timing of electron surges of alter- 
nating current in the tuning circuit. 

You will now examine again the nature of an electron surge, 
and then you will learn about the action of these surges in the 
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inning circuit as you move the dial to select a station. The 
tuning principle is used in some form in most radio circuits. To 
understand tuning, you must have a clear grasp of the way the 
back voltage of the coil is made to oppose the back voltage of the 
tuning condenser so that a strong current of the desired frequency 
will flow and currents of all other frequencies will be killed. 

What have you learned about electron surges? You have 
learned that alternating current is a flow of free elect /ons — some 
moving away from the copper atoms of the wire conductor and 
others darting about in the space between atoms, but the mass 
flowing first in one direction and then the other through ihe wires. 
You have also learned that the rate at which the electron flow 
changes direction is called ihe frequency and that a flow in one 
direction and back is called one cycle. If you are tuned to a 
broadcasting station, your radio tuning circuits are adjusted for 
a frequency somewhere between ^ million and 1^ million cycles a 
second- 1 million cycles, for example. 

A surge starts when the current is turned on or is suddenly 
made stronger. But what is an electron surge? An electron 
surge is the effect that travels from atom to atom, among the 
flowing free electrons, and through the wire conductor at nearly 
the speed of light. 

What is resonance? When you tune a set, you control the 
time it takes an electron surge to make a round trip through the 
tuning circuit. When you tune your set to receive the signals of a 
particular broadcasting station, you adjust the tuning circuit so 
that surges induced in it from that station meet a minimum of 
opposition. Then surges from other stations at other frequencies 
find so much opposition in the circuit that they either cannot flow 
at all or are so weak that they can be disregarded. Although an 
electron surge moves nearly at the speed of light, it takes a meas- 
urable amount of time to go from one end of the circuit to the 
other. 

When you adjust the tuning condenser of your set to the fre- 
quency of a broadcasting station, you adjust the electrical length 
of the tuning circuit so that the surges go through it at the same 
rate that the surges do in the broadcasting transmitter circuit. 
Your circuit is then tuned to resonance with the frequency of this 
broadcasting station. At resonance the surges are correctly timed. 



IJNDKRS TA N 1)1 NO RADIO 


220 

they meet little or no opposition, and a strong current flows. An 
example will help you to understand this principle. 

If a radio station broadcasts on a frequency of 080 kilocycles 
(680,000 cycles per second), you know that there are 680,000 
round-trip electron surges each second in its antenna when a pro- 
gram is being broadcast. When you adjust the tuning circuit of 
your receiver to this frequency, strong electron surges similar to 
those at the broadcast-station transmitter flow in your receiver. 
This is excellent, because you can then take energy from the 
tuning circuit to control the tube circuit so that you will hear the 
program in your earphones. This adjustment of the tuning cir- 
cuit ensures that the signals from the station broadcasting on 
680 kilocycles, and no other, get through to the tube circuit so 
that you hear the program in your earphones. Your receiver is 
now tuned to resonance with the incoming signal from this one 
station. 

But if you adjust the electrical length of your circuit so that it 
is either too long or too short for the station frequency, your cir- 
cuit will be out of resonance with this station, and, because the 
surges will be out of time, they will interfere with and kill each 
other. Then, since little or no current will flow in the tuning cir- 
cuit to control the tube circuit, you will hear no program. Your 
set will be tuned off resonance. 

PART 4: HOW WE SUMMARIZE THE TUNING PROCESS 

Now suppose you go farther into the action of the tuning circuit. 
Follow the electron surges from the antenna into the tuning cir- 
cuit. Although this whole process takes place smoothly and con- 
tinuously, it is easier to study it as you would the frames of a 
motion-picture film, examining one frame at a time. 

Frame 1. The current flows in the antenna-ground circuit. You 
already know how passing radio waves set up in your antenna a 
weak radio-frequency alternating current that surges from antenna 
to ground and back (see Fig. 158). You know that radio waves 
from each broadcasting station tries to set up a current in your 
antenna at its own frequency. (Each broadcasting station is 
tuned to a different frequency to prevent interference between 
stations.) 
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Fig. 158. Frame 1 . A passing radio 
ground circuit. 



vq induces a current in the antenna-to- 



Fig. 159. Frame 2. A voltage is in- 
duced in the secondary coil. This volt- 
age causes a current to flow in the oppo- 
site direction to the current in the 
antenna-to-ground circuit. 



Fig. ICO. FrameS. The induced volt- 
age begins to fill the plates on side A of 
the condenser with electrons. Elec- 
trons are also pulled off side B . 
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r Back 
,) voltage 


Frame 2. Voltage is induced in the secondary coil . The alter- 
nation of the current surging through the primary coil induces an 
^ ^ alternating voltage, which sets up an 

alternating current, in the secondary coil 
.j < s dack (see Fig. 159). This current is in the 
vo/ta 9 e opposite direction to that in the primary 

*+7n+*+* b Frame 3. Side A begins to fill with elec - 

Irons. The induced voltage in the sec- 
T J li / ondary coil drives electrons onto side A 

< J y- of the tuning condenser (see Fig. 160). 

^ ** The plates on side A begin to fill with 

Fki. Ifii. Frame i -As side elecLronS- 

A of l lie condenser nils with _ , 

electrons, they set up a back Frame BacJc Volta 9 e Guilds up m the 
voltage because they repel condenser. As side A of the condenser 
each other and they also fills with electrons, they set up a back 
repel other electrons trying voltage which rapidly increases until it 
to get on the plates. js strong enough to stop the flow of elec- 

trons onto this plate (see Fig. 161). The back voltage then tries 
to force electrons off side A. 


w 


Fig. 161 . Frame i. As side 
A of the condenser fills with 
electrons, they set up a back 
voltage because they repel 



Fig. 1 (>&. Frame 5. When the next part of the radio wave strikes the antenna 
it starts a current flowing upward in the antenna-to-ground circuit. 

If the condenser is properly adjusted, its maximum back volt- 
age occurs just as the current in the antenna reverses. This 
proper adjustment occurs at resonance. 
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Frame 5 . The current in the antenna reverses. As the next 
alternation of the radio wave flashes past the antenna, it sets up 
an electron surge upward in the an- 
tenna-ground circuit (see Fig. 1(>2). 

Frame 6. The electron flow in the 
coil reverses . The upward flow of cur- 
rent in the antenna induces a voltage 
in the secondary in the opposite direc- 
tion (see Fig. 1 Off) . This pulls the 
electrons off side A and drives them 
through the coil onto side 11. But 
suppose you examine the action of the 
condenser and coil more closely. Here 
is a close-up of the action. 

Frame 7. The condenser helps the 
coil . When the induced current in the 
secondary starts its reverse surge, it 
sets up an opposing hack voltage in the 
coil. The back voltage of the conden- 
ser pushes the surplus electrons off side 
the induced voltage in the coil pulls them (see Fig. 1(14). The back 
voltage of the condenser at resonance* is equal and opposite to the 



Fig. 1(>3. Frame (>. The up- 
ward current flow' in the an- 
lenna-to-ground circuit induces 
a voltage and current flow' in 
the tuning circuit in the oppo- 
site direction. 

A at the same instant that 



Fig. 104 . Frame 7. When the reversing surge of electrons reaches the coil, it 
sets up in the coil an opposing back voltage. But, just this instant the hack 
voltage of the condenser pushes out electrons and helps to overcome the back 
voltage of the coil. 

hack voltage of the coil. Now, with the back voltage canceled, 
the induced current can flow easily in the tuning circuit. This 
current will be strongest at resonance, a condition you want so 
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that you can get the loudest music from a fairly weak signal in the 
antenna circuit. 

Frame S. What happen s at the end of the first surge? When the 
antenna current begins to weaken, the field around the secondary 

begins to collapse toward the end of 
a surge, and the helping back volt- 
age of the coil produced by the 
collapsing field tries to keep the 
electron surge flowing and to force 
more electrons onto side B (see Fig. 
105 ). 

This completes one cycle, or 
round-trip surge, through the tun- 
ing circuit. The complete round- 
trip surge is called one oscillation of 
current through the tuning circuit. 

Why does a strong current flow 
at resonance? Now that you have 
studied how a complete surge moves 
through the tuning circuit, you can 
study the reasons why the circuit 
allows strong currents of one fre- 
quency to build up and why currents of other frequencies are 
killed. 

At resonance, a strong current flows in the tuning circuit of 
your receiver, because the condenser is set so that it becomes 
filled with electrons and sets up a back voltage just as the surge 
reverses in the secondary coil. When the reverse current starts 
to flow, the back voltage of the coil opposes it. But the back 
voltage of the condenser, which you make equal to the back volt- 
age of the coil when you tune the circuit, cancels the back voltage 
of the coil. The induced current surges can then flow through the 
tuning circuit with no opposition from the back voltage of either 
the coil or the condenser. 

When you tune the set, you adjust the condenser so that the 
two back voltages are exactly equal and opposite. They then 
cancel each other and the current surges set up in the coil from 
the antenna flow easily. You hear the station to which you are 
tuned most loudly at this adjustment of the tuning condenser. 



Fig. 105. Frame 8. Wlien the 
antenna-to-ground current begins 
to weaken, the collapsing field 
around the secondary coil induces 
a current which tries to keep the 
surge flowing in the secondary and 
onto side B of the condenser. 



RESONANCE AND TUNING 225 

The resistance of the circuit then is the only thing that restricts 
the loudness of the sound you hear in your earphones. 

What happens when you tune to resonance? Remember that 
the impedance in any circuit consists of both the back-voltage 
effect (reactance) and resistance. When you tune your receiver 
to resonance, the back voltages are canceled and only the resist- 
ances of the coil wire, of the wire joints, and of the metal in the 
condenser plates hinder the surging of electrons through the cir- 
cuit. Radio engineers design coils that offer minimum resistance 
to current flow. They plan their connections and design their 
condensers for low energy loss. All joints in the circuit wiring 
should be carefully soldered to keep dowu resistance and reduce 
energy loss. 

Now, with the circuit offering only a small amount of resistance 
to current flow, the current surges build up and reach their greatest 
strength, so that the voltage delivered to the tube circuit will be 
large. 

What happens when you tune off resonance? When you tune 
“off resonance,” back voltage kills the signals from stations you 
do not want to hear. How does this 
happen? 

When you set the condenser at too 
small a capacity for the current surges 
of signals from an unwanted station, the 
condenser fills with electrons before the 
completion of a surge in the coil. The 
condenser back voltage builds up while 
electrons still are being driven toward 
the condenser from the coil. 

The back voltage from the condenser 
then is strong enough to oppose the 
induced voltage caused by the unwanted 
signal and either reduces its strength or 
kills it completely (see Fig. 106). In an 
efficient receiver you can completely kill 
signals from an unwanted station. You say that you “tune out” 
the unwanted station. The sharpness of the tuning, which is 
represented by the amount you must turn the tuning dial to tune 
in one station and tune out another, largely depends on the resist- 



Fig. 166. When tuned off 
resonance, the back voltage 
of the condenser either seri- 
ously weakens the surges in 
the secondary or kills them. 
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ance of the circuit. This resistance reduces the strength of the 
signal and also spreads out the tuning across the dial. 

How does the condenser setting affect frequency? When you 
turn the tuning dial, you move the condenser plates. At each 
different setting of the plates, the tuning circuit will respond to a 
different frequency. Figure 167 illustrates a circuit in which the 
plates of the condenser are out of mesh, so that small plate areas 
are opposite each other. The capacity for this setting is low, and 
the condenser fills with electrons and empties rapidly. The cir- 
cuit will then tune to a higher frequency. The surges come and 
go more rapidly. 



Fig. 167. When the condenser is set 
with the plates out of mesh, only a 
small area of the plates is opposite to 
each other, and the plates fill and empty 
rapidly. The condenser now tunes to 
a high frequency. 



Fig. 16 K. When the plates are fully 
meshed, there is more capacity in the 
circuit and the plates fill and empty 
more slowly. Now the circuit tunes to 
a lower frequency. 


But in the circuit shown in Fig. 168, the condenser has more 
capacity and takes longer to fill and empty. The surges through 
the circuit take a longer time, and the circuit tunes to a lower 
frequency. 


PART 6: HOW COUPLING AFFECTS TUNING 

You can further improve tuning by changing the spacing, or 
coupling, between the primary and the secondary coils of the 
receiving transformer. Years ago it was customary to arrange 
the secondary coil to slide in and out of the primary in order to 
change the coupling between the two coils. When the two coils 
were close together, they were said to be closely coupled . The 
coils were kept closely coupled so that the signals heard would be 
as loud as possible. If, however, unwanted signals were heard, 
the coils could be slid apart to loosen the coupling. Loosening 
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the coupling helps the circuit to keep out unwanted signals. An 
experiment will show this effect. 

Loose and Close Coupling Experiment 

Step 1. Wind a coil of 30 turns on a form that will slip over 
the transformer used in the last experiment (see Fig. 100). 


^ New Primary 
^ rS econdary 

jjlfji! 

Position of New Primary 
for dose coupling 

Fuj. 109. A separate primary is used to demonstrate coupling. Here it is set 
for close coupling. Signals are loud but tuning is poor. 


P S 

Bijiiiiri 

Position of New Primary 
for Loose Coupling 

Fig. 170 . When the sliding primary is set as shown here the coupling is loose. 
Signals are now weaker but unwanted stations can he tuned out. 

Step 2. Attach the antenna and ground wires to the new coil. 
Make no connection to the old primary coil. 

Step 3. Set the new coil at about the center of the secondary 
(see Fig. 169). 

Note two things about signals from a strong and from a weak 
station: (1) The loudness of the signal and (2) how easily you can 
tune it out. 
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Step Jf. Move the new primary toward the end of the second- 
ary (see Fig. 170). Again tune and note both loudness and sharp- 
ness of tuning. 

Step 5. Move the primary to a position where you can tune 
sharply and still get fairly strong signals. 

Why It Works 

You soon find that, when the secondary is loosely coupled, the 
signals, while somewhat weaker, can be more sharply tuned and 
unwanted stations can be tuned out. 

The secondary coil and the condenser each set up different 
amounts of back voltage to signals from different stations. At 
resonance, as you have just learned, the back voltages produced 
by the signal from the station you wish to hear cancel each other, 
and a strong current builds up in the coil. The program comes in 
as loudly as possible. But to tune off resonance to eliminate this 
station, you adjust the tuning circuit so that the back voltages 
fail to cancel, and little or no current at the station frequency 
flows in the tuning circuit. This is how you tune out unwanted 
stations. 

However, you found that, when the primary and secondary 
were quite close together or closely coupled, signals from a strong 
station could induce currents in the secondary strong enough to 
force their way through the circuit, in spite of the back voltages 
of coil and condenser. 

By sliding the coils apart to loosen the coupling, you found a 
position, or amount of coupling, at which the signals from the 
strong station were weakened. At this loose coupling, you can 
tune out strong stations and you can also hear weaker stations. 
The weak stations may not be as loud as you would like, but they 
are clear and free from interference from other stations. 

To be forced to make coupling adjustments whenever you tune 
your set is such a nuisance that coils are now wound a small dis- 
tance apart on the coil form, so that they are loosely coupled. 
The coupling adjustment is thus discarded. Efficient modern 
tubes and amplifying circuits more than make up for any loss in 
signal strength caused by fixed coupling. 

Questions 

1. What is an electron surge ? 

2. What is a cycle? 
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3. Why are off -resonance stations not heard well when you tune the set to 
resonance for a given frequency ? 

4. Compare the number of surges per second in the tuning circuit of your set 
with the number of surges in the tuning circuit of the transmitter with which 
you are tuned to resonance. 

5. Describe in detail what happens when you set the condenser of your set 
at too great a capacity for the current surges from an unwanted station. 

6. Why do not modern sets still have the tuning-coil secondary, so that it can 
be slid in and out of the primary coil ? 

7. What effect has loose coupling on the signal strength? 

8. Can your set be more sharply tuned with close or with loose coupling? 

Technical Terms 

coupling — The transfer of energy between the primary and secondary of a tuning 
circuit. 

resonance — The result of your timing circuit's electrical length being such that 
the electron surges go from end to end at the same rate as they do in the 
tuning circuit of the broadcast transmitter. Your set is then said to be in 
resonance with that station. Resonance occurs when the back voltage, or 
reactance, of the coil and of the condenser in the tuning circuit are equal and 
opposite. 

tuning — Adjusting your set so that you can hear one station and exclude all 
others. 
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RECEIVING SETS USING DIRECT-CURRENT 

TUBES 


Although making your first one-tube receiving set was a thrill- 
ing experience, you soon find that the set is so limited in range 
that it will bring in only a few stations. If you are like other 
radio experimenters, you want to show it off to your friends, but 
this is hard to do unless you are able to attach a loudspeaker to 
the set instead of earphones. A one-tube set has insufficient power 
to operate a speaker, but you can quite easily build an amplifier to 
attach to it; it will bring in stations that were too weak to hear 
before and amplify, or strengthen, the music you could already 
pick up until you can use a loudspeaker. Then your friends can 
enjoy the set with you. 

In this chapter you will study several kinds of circuits that can 
be used to make your one-tube receiver more efficient. You will 
build two types of amplifiers : the radio-frequency amplifier, which 
makes your set more sensitive, and the audio amplifier, which 
increases the volume, or loudness, of the music. 

You will study both types of amplifiers, using the simpler three- 
element tubes, while you are learning the principles upon which the 
amplifiers operate. In later chapters you will use sensitive multi- 
element (multi-element) tubes, which allow you to do things with 
the amplifiers not possible with the simpler tubes. 

You will learn the following things in this chapter: 


Part 1: IIow a Complete One-tube Receiving Set Works 

Part 2: I low' the Grid-condenser Grid-leak Detector Circuit Works 

Part tt: IIow to Build the Regenerative Receiver 

Part 4: Kinds of Audio-frequency Amplifying Circuits 

Part 5 : How to Build a Transformer-coupled Audio-frequency Amplifier 

Part 6: How t to Build a Resistance-coupled Audio Amplifier 

Part 7: How to Build a Power Audio Amplifier 
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PART 1: HOW A COMPLETE ONE-TUBE RECEIVING SET WORKS 

In the chapter on resonance and tuning which you have just 
completed, you learned how the tuning circuit operates and t lie 
theory of its action. Your study was limited to the tuning part 
of the circuit. Perhaps you wondered why so much attention was 
focused on this part of the circuit and why the relatively strong 
surges of alternating current were able to build up in the tuning 
circuit and produce sound in the earphones. 

Now let us continue this study to see how part of the energy 
in the tuning circuit is directed to the vacuum tube, how it causes 



Fkj. 171. Touch the tips of the ear- 
phone cord to the dry cell terminals. 
You hear sound when the diaphragms 
of the earphones move. 


-*“* T' cj/is former 



tips to the transformer terminals and 
you hear a steady hum because tin* 
steadily changing strength of the alter- 
nating current vibrates the diaphragms. 


the tube to control the current that flows in the earphones, and 
how sound is produced. 

You will find it profitable to read again the description of ear- 
phones in Chapter 9. 

How is sound produced? Sound is produced in the earphones 
when the current flowing through their coils changes in strength 
(becomes stronger or weaker). You can easily show this effect 
by touching the tips of an earphone cord to a 1^-volt dry cell 
(see Pig. 171). You will hear a sound twice: when you touch the 
tips to the battery and when you remove them. The first sound 
is caused by the diaphragms being sharply pulled inward or pushed 
outward, depending on the direction of the current flow. The 
second sound is caused by the movement of the diaphragms as 
they return to rest. You hear no sound when a steady current 
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flows through the earphones, because the diaphragms are then 
held in one position. 

Now connect the phones to a small step-down transformer and 
adjust it to deliver about 6 volts (see Fig. 172). You hear a steady 
hum, because the rapidly alternating current moves the diaphragms 
back and forth each time the current reverses. 

If you connect earphones to the tuning circuit, as in Fig. 173, 
you hear no music, because the alternating-current surges that 
flow in the tuning circuit have a frequency far above your hearing 
range. They change direction about a million times per second, 



Fig. 173. You will hear no sound with this connection because the current 
changes occur at radio frequency (millions of times a second), which is far above 
your hearing range (10,000 cycles a second). 

their rate being the same as the frequency of the broadcasting 
transmitter. 

You can hear sound produced by motions of the earphone dia- 
phragms only up to about 16,000 times per second. So, even if 
the diaphragms could move rapidly enough to respond to the cur- 
rent surges in the tuning circuit, you would still be unable to hear 
sound. But there is a way to bunch these radio-frequency surges 
in the tuning circuit into groups so that they will produce sounds in 
the earphones. For example, let us try the following experiment: 

Experiment. Connect the tuning circuit to the tube circuit. 
Connect the grid wire to the stator of the tuning condenser (see 
Fig. 174). When the current in the tuning circuit in Fig. 175 
surges toward side A of the condenser, it will drive electrons onto 
the g|id of the tube. These surplus electrons on the grid make it 
negative. You learned in an earlier chapter that electrons on the 
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Fig. 174. Connect a wire from t lie .stator side of the tuning condenser to the 
grit! terminal of the tube socket. 


STOP 



Fig. 175 . When electrons surge onto the grid, they make it negative. The 
electrons on the grid then repel those in the space charge, and the plate current 
becomes weaker. 
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grid act like a traffic cop: they make the voltage between the grid 
and the filament more negative and give the stop signal to the flow 
of electrons from the space charge to the plate. 

Rule. When the grid is made more negative {or less positive ) it 
repels the electrons in the space charge and weakens the current flow- 
ing through the tube. 

Then, when the current in the tuning circuit surges in the other 
direction, as in Fig. 17G, it draws electrons off the grid and makes 
the grid less negative, and the traffic cop gives the go signal to the 
electrons in the space charge. 



Fit*. 17(i. Tilt* grid becomes positive when the surge swings toward side li in 
the tuning circuit. The positive grid attracts electrons from the space charge 
and the plate current becomes stronger. 


But when the grid is less negative, unlike the traffic cop, it 
decreases its repelling action on the electrons surging toward the 
plate and the plate current becomes stronger. 

Rule. When the grid is made less negative (or more positive ), its 
repelling action on electrons flying toward the plate is reduced , so that 
more current flows through the tube than before . 

Connect a grid-return wire. You will need a wire from the 
rotor side of the condenser to the filament, or B-negative, side of 
the tube circuit (see Figs. 177 and 178). This is now the same 
set you used in Chapter 11 for variable-condenser tuning. If this 
wire is left off, the set will not play well; it may not even play at 
all. But why? 

Every other surge in the tuning circuit makes the grid more 
positive. When more positive, it attracts a few electrons from 
the space charge. If no electrons could leave the cold grid, the 
grid would soon become crowded with electrons that it had col- 
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Fig. 177. This is the escape path for electrons that would otherwise be collected 
on the grid by each positnc surge and trapped there. Instead, they use the 
grid return path to escape back to the filament circuit out of the way of other 
.surges on the grid. 


W 




r 

v Grid return 
wire 



Fig. 178. This is the schematic circuit diagram of the one-tube receiving set 
shown in Figs. 150 and 157. 


lected. They would make the grid so negative that no current 
could flow through the tube, and, consequently, no sound would 
be heard. 

When you attach the grid-return wire, these extra electrons can 
escape from the grid and return to the filament through the 
coil. 
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How does the tube circuit use the surges to produce sound? 

But how does a weak radio-frequency current surge in the tuning 



Fig. 179. This is the schematic cir- 
cuit diagram of the crystal -detector 
circuit. The weak current in this cir- 
cuit moves the diaphragms of the ear- 
phones. The sound is weak. 


circuit, which drives electrons 
on and off the grid, cause the 
earphones to move so that you 
hear music or a program ? 

Compare the weak music, or 
program, that you hear on a 
crystal-detector set with the 
louder sound you hear from the 
one-tube detector set. The 
power from the B battery and 
the amplifying action of the tube 
are the reasons for this increase 
in the music’s volume. 

In the crystal receiver the cur- 
rent surges induced by the an- 


tenna in the tuning circuit actually flow through the earphones to 


produce the sound you hear (see Fig. 179). This current is neccs- 



Fig. 180. The weak tuning circuit surges control the strong current in the plate 
circuit. The grid acts as a sort of electrical lever. The music is louder than 
when a crystal detector is used. 


sarily weak. But in the tube circuit (see Fig. 180) the current 
surges in the tuning circuit have an entirely different job to do. 
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They make electrons flow on and off the grid and so act as a 
control voltage; the current surges do not flow in the earphones. 

Rule. The current surges in the tuning circuit act on the grid and 
control the strength of the plate current . 

The voltage driving electrons back and forth in the tuning eir 
cuit is relatively weak. The voltage forcing the current to flow in 
the plate circuit, from the B battery through the tube, is relatively 
strong. In this experiment you use the vacuum tube as a sort of 
electrical lever, where a weak voltage, or pressure, driving elee- 
trons on or off the grid controls the strength of a powerful current 
(see Fig. 180). The strong plate current flowing through the ear- 
phones now follows the variations of voltage and current in the 
tuning circuit. These changes of current >trength produce loud 
signals in the earphones. 

How do radio-frequency surges on the grid make audio-fre- 
quency surges in the earphones? We know that there are about 
1000 radio-frequency surges to every single surge of a sound wave 
entering the microphone at the broadcasting studio. (We are 


assuming that the frequency of 
the broadcasting transmitter is 
1,000,000 cycles, or 1000 kilo- 
cycles, per second and that the 
sound wave is at a frequency 
of 1000 cycles per second. 
Thus there are 1000 radio-fre- 
quency surges to each sound 
surge.) There are also about a 
million radio-frequency surges 



Fig. 181 . The* few electrons in each 
radio-frequency surge liave too little 
strength to move the diaphragm. 


per second in the tuning circuit 

and on the grid of the 1LE3 tube in your receiver. These rapid 


surges on the grid make the plate current change in strength 
around a million times per second. But the earphone diaphragms 


are so heavy that they cannot move this fast. The plate-current 
surges are so fast and are of such short duration that no single 
surge will move the diaphragms (see Fig. 181). 

When the tube acts as a detector, the voltage on its elements is 


arranged so that the signals on the grid produce an uneven plate- 
current change. An example will help you to see this. Suppose 
that a 1-volt signal reaches the grid. This makes the grid 1 volt 
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positive and then 1 volt negative. The detector plate current 
would increase approximately 2 milliainperes when the grid was 
1 volt positive, lint when the grid becomes 1 volt negative, the 
plate current would only decrease i milliampere. 

The result of the increased current would pull in the earphone 
diaphragm. The reduced plate current would release it. But the 
pull inward is greater than the outward motion. This uneven 

pull on the diaphragm, with 


Many electron 
pulls 



Fig. 182. When 1000 radi#-frequency 
surges get together, their tiny pulls add 
and they easily move the diaphragm. 


greater motion inward than 
outward, will produce music or 
other sound. 

You will learn later how the 
proper voltage on the grid can 
cause the same tube to act 
either as a detector or as an 
amplifier. The back voltage 
of the earphone coils and the 
condenser effect of the phone 
cord blend the pull of each 
1000 radio-frequency surges, so 
that a single little pull is accu- 
mulated from each surge. The accumulated pull of 1000 radio- 
frequency surges makes single motions of the diaphragms upward 
or downward (see Fig. 182). The blended pulls move the earphone 
diaphragms at a rate slow enough so that you hear sound. 

In Fig. 183 you can see a summary diagram showing the way 
the energy which reaches your antenna from the broadcasting 
transmitter travels through the tuning circuit and the tube and 
makes your earphones produce sound waves. 

This is the complete receiving process, using the tuning circuit 
and the vacuum tube in their simplest forms. 

Now study a number of different circuits that you can use to 
make the simple receiver more sensitive, so that you can eventually 
operate a loudspeaker. 


Questions 

1. Will you hoar a hum only when an alternating current or a steady direct 
current flows through the earphones? 

2. If the earphones were attached directly to the tuning circuit, could you 
hear music? Explain. 



Circui+A I CircuH B I Circui+C I Circui+D I Circui+ E 
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Fig. 183. This diagram shows the purpose of each section of the receiving circuit. 
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3. Does a negative grid weaken or strengthen the plate current? 

4. Why will not the set play when you leave off the grid-return wire? 

6. Why does not the diaphragm spring back after each radio-frequency surge ? 

PART 2: HOW THE GRID -CONDENSER GRID-LEAK DETECTOR 
CIRCUIT WORKS 

A simple way to increase the efficiency of your one-tube detector 

set is to wire two small new 
parts in the grid lead. These 
parts are a 0.00025-microfarad 
(2 5 0 - micromicrofarad) fixed 
condenser and a high resistance 
of about 2 million ohms (2 
megohms) called the grid leak. 
When you wire these two parts, 
as shown in Fig. 184, you will 
be surprised at how much more 
sensitive your set becomes. 
You will be able to hear sta- 
tions you were unable to hear 
before, and you will also find that stations you heard before 
are now louder. Hook up this set, and become acquainted with 
its action. 

How to Wire the Set 

The Circuit . This circuit and set board is the same as the one- 
tube detector set (see Figs. 150, 157, and 185). 

The Changes. Cut the wire between the secondary and G post 
of the tube socket, and mount two double Fahnestock clips for 
the 250-micromicrofarad grid condenser and the 2-megohm grid 
leak (see Fig. 184). 

How to Operate It 

Operate this set as you did the one-tube detector. Simply tune 
in the station you want to hear. The new parts make no change 
in the method of tuning. 

Try several values of grid leaks until you find the one that 
works best. The best one will have a value somewhere between 
1 and 5 megohms. 



Fig. 184. Add the grid condenser and 
the grid leak to your one-tube receiver, 
and the set becomes more sensitive. 
Two clips mounted on the set board are 
used so that you can try different sizes 
of condensers and leaks. 
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NEW CIRCUIT 


Fig. 185. The old and the new one-tube detector circuits with the grid con- 
denser and the grid leak added in the lower diagram. 

How It Works 

Review “How is sound produced?” When surges from the 
tuning circuit force free electrons onto the grid or pull them off it, 
the plate current becomes alternately weaker and stronger. As 
the strength of the [date current changes, the diaphragms of the 
earphones move and produce sound. The sound will be louder if 
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you can find some way to make greater changes in the strength 
of the plate current when a given voltage is on the grid. 

Suppose the positive part of the signal from Station A changes 
the grid voltage enough to cause the plate current to increase 
i; milliampere and the negative part changes it enough to decrease 
the plate current by 4 milliampere. This ^-milliampere change in 
current strength from the no-signal current produces the music 
you hear in l he earphones. 

If you can make the plate-current strength change by 2 mill i- 
amperes instead of % milliampere, the music from this station will 



Fie. 18(>. When the surges in the tuning circuit drive electrons on the grid con- 
denser, side J, others are forced oil* side B to the grid. This makes the grid 
negative. 


sound louder, because the earphone diaphragms will move a greater 
distance than before. The grid-condenser grid-leak circuit pro- 
duces such an effect. 

How does the grid-condenser grid-leak circuit strengthen the 
music? The grid condenser acts like a reservoir, and the grid 
leak acts like an overflow relief valve. The condenser collects a 
few electrons from each radio-frequency surge in the tuning cir- 
cuit until enough are collected to make a large reduction in the 
plate current. The grid leak prevents too many electrons from 
being stored up. Let us see how this is accomplished. 

One surge drives electrons onto the grid. When the electrons 
flow downward in the antenna, electrons move through the tuning 
circuit, as shown by the arrows in Fig. 186. Some of these elec- 
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trons will flow onto the tuning condenser. The pressure of elec- 
trons on the tuning condenser forces some electrons on the grid 



Ftg. 187. When the tuning circuit surge reverses, it draws electrons off side A , 
which in turn draws electrons off the grid. This makes the grid positive. 

condenser. Electrons on plate .1 of the grid condenser repel elec- 
trons on B and drive them to l he grid, making it negative. 

The next surge pulls electrons off the grid. When the current 
reverses and draws electrons off side A of the grid condenser, side 
A becomes positive. Elec- 
trons are drawn to side B from 
the grid (see Fig. 187). The 
grid, which then has fewer 
free electrons, becomes posi- 
tive. But now a new action 
occurs. 

The grid collects electrons 
from the space charge. When 
the free electrons were drawn 
from it, the grid became posi- 
tive. The grid, when positive, 
acts like a small plate and picks 
up a few electrons from the 
space charge (see Fig. 188). 

These electrons collect on the grid and on plate B of the grid con- 
denser, which acts like a reservoir. 

Where are the collected electrons stored? The electrons on 
side B of the grid condenser are trapped (see Fig. 189). They 



Fig. 188 . No electrons can escape from 
a cold grid. But when the grid is posi- 
tive, it pulls in some electrons from the 
space charge. The grid acts like a small 
plate with a weak pull. 
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cannot get to side A, because the insulation between the plates of 
the grid condenser stops them. 

The grid-condenser reservoir receives a few electrons from the 
space charge each time the grid becomes positive. These elec- 



Fig. 189. Every time the grid goes positive, it collects a few electrons from the 
space charge around the filament. These electrons collect on the grid condenser, 
side because they cannot get through the insulation between the two plates 



The Cutoff Point 

Fig. 190. As the grid becomes more negative, it gradually cuts off the flow of 
plate current. The grid voltage at which the plate current flow is stopped is 
called the cutoff point . 

trons cannot escape from the grid back into the tube, because the 
grid is cold and cannot give up electrons. Inasmuch as there are 
about a million surges per second, it is easy to see how this process 
rapidly fills the reservoir. 
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What is the effect of the condenser on the plate current? As 

the grid continues to pick up electrons from the space charge, 
both side B and the grid become loaded with surplus free elec- 
trons. These electrons repel each 

other, a voltage builds up, and the grid ^megthm*. 

becomes increasingly negative (see the 

wave pictures in Fig. 190). As the Np 

grid becomes more negative, it grad- ( 

ually cuts off the flow of plate current. ' " ' 

It finally becomes negative enough to ^ ri p 5 cond< i ns€>r 
stop completely the flow of plate cur- 

rent from filament to plate. This is ^ lc leak is 

called the cutoff powt. Now you will aiTOSS the grid condenser . 
hear no music at all. Some way must 
be found to take care of the surplus electrons. 

What is the action of the grid leak? The grid leak is the auto- 
matic release valve which allows the grid-condenser reservoir to 
collect enough electrons to make louder music, but which spills 
over before the plate current is stopped. 


Grid condenser 

Fig. 101. The grid leak is 
connected in shunt or parallel 
aeross the grid condenser. 


Grid leak — 



Fig. 192 . This schematic diagram shows the grid -condenser storehouse with its 
grid -leak safety valve connected in shunt across the condenser. 

The grid leak is a small pressed-carbon resistor which generally 
has a resistance between | megohm and 5 megohms. (1,000,000 
ohms equal 1 megohm.) It is connected in parallel with the grid 
condenser, as shown in Figs. 191 and 192. You select a leak with 
high enough resistance to hold electrons collected on plate B, so 
that the music will be loud, but the leak must still allow the set to 
play. When electrons accumulate on plate B, a voltage is built 
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Fig. 193. This schematic diagram shows how the piled-up electrons force their 
way through the high resistance of the grid-leak safety valve. Trace their path 
around through the coil and back to the filament via the grid-return wire. 


GRID 

VOLTS 




Fig. 194. The upper wave picture shows the pressure of electrons on the grid. 
The lower picture shows how the plate current rises and drops as the grid goes 
negative and positive. Note the small change in the strength of the plate current. 
The sound in the earphones is now weak. 
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up which forces an increased number of electrons through the high 
resistance of the grid leak (see Fig. 193). They flow through the 
coil and the grid-return wire to the positive side of the circuit and 
return again to the filament. 

How does the grid condenser affect the plate current? The 

reason you wanted the grid condenser and grid leak in this cir- 
cuit, as you recall, was to make the music louder. As the grid 
condenser, acting as a reservoir, stores a few more electrons each 
time the grid goes positive, it rapidly becomes crowded with free 
electrons, and because the grid is attached directly to it, the grid 
becomes more and more negative. 

The current from the antenna is often called the .signal. You 
say here that no signal is on the grid. 

When a signal comes from the antenna, the group of surges of 
which it is composed starts the process that makes the grid become 
more negative. As the grid becomes more negative, it reduces the 
plate current further and further. Near the end of the group, the 
grid leak allows the electrons to flow off. Figure 194 shows the 
wave picture when no grid condenser and grid leak were used. 

You can see that the grid-condenser grid-leak circuit makes a 
much greater change in the plate current than the original circuit 
did. Since it is the change of plate current that produces sound, 
the diaphragms of the earphones move farther, and louder sound is 
produced. 

Questions 

1. What is the purpose of the grid leak? 

2. What is the purpose of the grid condenser? 

3. Would a set work satisfactorily with cither a grid leak or a grid condenser 
alone ? Explain. 

4 . IIow many ohms resistance has a grid leak ? 


PART 3: HOW TO BUILD THE REGENERATIVE RECEIVER 

One of the fascinating things about radio has been the constant 
search for ways to bring in stations more loudly and the attempts 
of the “DX hounds” who spend hours searching the air to hear 
distant stations. These experimenters try trick circuits, odd and 
amazing coils and condensers, anything in their attempt to reach 
beyond into the elusive distance (DX). 

While still a student, E. II. Armstrong, the brilliant American 
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inventor, reasoned that some way could be found to add power 
from the B battery to increase the power input to the set from 
the weak signals from the antenna. This would put stronger 
signals on the grid and would make louder sounds in the ear- 
phones. He worked out the regenerative receiver to do just this. 
He obtained a very sensitive receiver, one that reached out and 
brought in faint, distant signals that he had not even been able to 
hear with other one-tube sets. 

Regeneration is a form of amplification. When you use the 
regenerative circuit, your detector set will be about as effective 
as if you had added two stages of radio-frequency amplification; 
yet you will not have the expense of adding tubes and other appa- 
ratus needed in the amplifier. 

The most important feature about the regenerative set is that 
it will respond to extremely weak signals. Regenerative receivers 
once were widely used by amateurs in short-wave work because of 
their simplicity. Advanced amateurs, however, often use more 
complicated and expensive types of receivers. 

How to Build the Set 

Use the one-tube set board. The baseboard of the one-tube 
receiving set is designed for several receiving circuits. Wind a 
new coil and add a variable resistor at the right of the board 
between the B positive and the nearer of the earphone binding 
posts. See Fig. 195 for the arrangement of the parts. The dotted 
line shows the position of the shield plate mentioned in “How to 
Operate the Set.” 

Wind a new receiving coil. Use a 2-inch Bakelite or paste- 
board tube. 

The Windings. Wind three coils on the tube for the regener- 
ative circuit. 

The Wire to TJse. Use wire between No. 22 and No. 28 for the 
three coils. The larger sizes are preferable. The insulation may 
be cotton, silk, or enamel. A shorter tube will be needed if the 
wire is smaller than No. 22. 

The Primary , or Antenna, Coil. Wind 15 turns of No. 22 wire. 
Start ■§• inches from one end of the tube. 

The Secondary , or Grid, Coil. Wind 45 turns of No. 22 wire. 
Space this coil \ inch from the antenna coil. 
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Plate coiJ — 

Grid coil 

Antenna coil 
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Fig. 195. Here is the layout of the new parts in the regenerative circuit. 



Fig. 196. This is the schematic wiring diagram for the regenerative receiver. 


The Plate Coil. Wind 20 turns of No. 22 wire at the end oppo- 
site the antenna coil. Start \ inch from the end of the grid coil. 

Since the correct number of turns in this coil must be found by 
trial, it will probably be necessary to remove some of them, as will 
be explained in “How to Operate the Set” below. 

Winding Instructions. It is very important in this set that the 
electromagnetic field of all coils add together. If the field of the 
plate coil opposes the field of the grid coil, the set will not oscillate. 
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Therefore, start at one end of the form and wind all coils in the 
same direction. 

Mount the regeneration-control resistor. Mount the volume- 
control resistor having a range of 0 to 50,000 ohms as shown in Figs. 
195 and 196. 

How to Wire the Set 

The Antenna Circuit . This circuit is the same as that for the 
one-tube receiver (see Figs. 177 and 17S). 

The Grid Circuit . This circuit is also the same as the grid cir- 
cuit of the one-tube receiver. 

The Plate Circuit . Run a wire from pin 3 of the tube socket 
to the plate coil. From the other end of the plate coil, run a wire 
to the ^-millihenry radio-frequency choke and to one terminal of 
the 250-inicromicrofarad by-pass condenser. From the other end 
of the choke, run a wire to one of the earphone binding posts. 
Connect a 1 -microfarad audio by-pass condenser between one ear- 
phone terminal and the B-negative terminal. 

The Regeneration-control Resistor . Cut the wire connecting the 
B-positive terminal and the earphone terminal on the old set 
board, and insert the volume-control resistor. Be sure that one 
connection goes to the central, or slider, connection on this control. 

How to Operate the Set 

Step 1. Connect the antenna and ground wires to the set. 

Step 2. Put a 1LE3 tube in the socket. Connect the 1^-volt 
A battery. Connect the leads to the set before connecting to the 
battery, in order to prevent a short. 

Step 3. Connect the B battery and earphones as follows: Con- 
nect the B battery to the B-positive and B-negative posts on the 
set. Attach the earphone cord tips to the earphone posts on the 
set. There should be a noise in the earphones when the tips are 
connected if this circuit is correctly wired. 

Step 4. Make the set oscillate as follows: Turn the regeneration- 
control resistor, starting from its minimum-resistance setting, until 
the set’s oscillation is indicated by a rushing sound or a soft hiss 
heard in the earphones. Test for oscillation by touching the grid 
terminal of the tube or the stator of the tuning condenser with 
your finger. A pop or thud should be heard if the set is oscillating. 
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Step 5. Tune in a station by means of the tuning condenser. 
Turn the regeneration-control resistor back slowly until the set 
goes out of oscillation. Stations will be heard with most volume 
with the resistor set as near the oscillation point as is possible 
without having the set oscillate. The set is most sensitive at this 
point. 

To tune in stations, you use a different process. 

Step 1 . Set the regeneration-control resistor so that the receiver 
is oscillating. 

Step °2. Then swing the tuning condenser slowly across the dial 
until you hear a high-pitched whistle. This whistle is caused by 
the carrier wave of a broadcast or transmitting station mixing 
with a radio-frequency oscillation built up in your receiving set. 

Step S. Now tune slowly until the pitch of the carrier whistle 
drops gradually to a low-pitched tone and then slops. If the dial 
is turned still farther, the whistle will start again at a low pitch 
and rise in pitch until it can no longer be heard. 

The station you wish to hear should be found with the tuning 
condenser set at zero beat just between the two whistles. The 
zero-beat method of locating a 
station is much more rapid and 
more sensitive than the method 
you used on the one-tube set. 

But music or voices are mushy 
and distorted in tone. 

Step 1±. Now turn back the 
regeneration-control resistor 
until the set just goes out 
of oscillation. Adjust it as 
closely as possible to the oscil- 
lation point. You will notice 
that the sensitivity of the set 
increases very rapidly as the oscillation point is approached, and 
that just below the point where the set goes into oscillation, the 
signals are strongest. After the set goes into oscillation, the sig- 
nals are distorted and are not clear. 

How can you eliminate the hand-capacity effect? If the set 
goes out of adjustment and starts to whistle, or squeal, when you 
remove your hand from the condenser knobs, the set is being 
affected by hand capacity. 



Fig. 197. How to make the condenser 
shield plate. 
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Make a tin or aluminum shield plate, and place it between the 
tuning-condenser dial and the condenser frame (see Fig. 197). 

Fasten a wire from the shield plate to the ground or to the 
B-minus connection. This will stop the hand-capacity effect. 

Some Troubles and Their Remedies 

The set will not oscillate. Cause. The plate coil is wired back- 
ward; its field opposes that of the grid coil. Remedy. Reverse 
the connections at the plate coil. 

Cause. Not enough turns on the plate coil. Remedy. Add 10 
more turns. This may be too many, but you can cut down the 
number until the set operates correctly. 

Cause. No radio-frequency choke or a shorted choke. Remedy. 
Hook a choke in the circuit, or put in a new choke. 

Cause. Loose or broken wire joints. Remedy. Go over the 
joints of the set to see if one looks good but is not well soldered. 
This may be caused by dirty wires that have not been carefully 
scraped. Solder will not stick to a dirty wire. Flux will not clean 
wires. The wire must be scraped bright before putting on the flux. 
Another cause of poor joints is that the soldering iron or the joint 
is too cold. When the joint is hot enough, the solder runs into 
the joint quickly. Very little solder is needed to make a perfeet 
joint. 

Cause. Reversed A- or B-battery connections. Remedy. 
Check both A and B leads. The plate must be connected to 
the j>ositive side of the B battery through the plate coil, the 
choke, and the phones. Trace this connection out carefully. 

The set will not stop oscillating. The regeneration point occurs 
just before the set starts to oscillate. Here the set is more sensi- 
tive. If it will not stop oscillating, signals are not as loud as they 
might be. 

Cause. Too much B voltage. Remedy. Reduce the B voltage. 

Cause. Too many turns on the plate coil. Remedy. The num- 
ber of turns on the plate coil should be such that the set will go 
into oscillation with the regeneration-control resistor half in. Set 
the regeneration control half in, put 45 volts on the plate, and 
take off turns on the plate coil, a turn at a time, until the set 
oscillates smoothly. Test the set after each turn has been 
removed. 
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The set oscillates too strongly. The set goes into oscillation 
with a heavy thud. 

Cause . Too much B-battery voltage. Remedy. Reduce the 
B voltage to 45 volts. 

Cause . Grid leak too large. Remedy . Try a grid leak with 
less resistance. 

Cause . Too many turns on the plate coil. Remedy. Remove 
turns, one at a time. 

The set screeches and howls. 

C ause . B voltage too high. Remedy. Reduce the B voltage. 

Cause. Too many turns on the plate coil. Remedy. Take off 
turns, a turn at a time. 

The set is noisy or scratchy in operation. Cause. Tubes defec- 
tive or old. Remedy. Try another tube. 

Cause. Loose connections in the set wiring. This is noticed as 
a pop or as scratching when the set is jarred. Poorly soldered 
joints may be the cause. Remedy. Tighten all connections at 
the binding posts. Move the soldered joints with the fingers 
while the set is operating, to see if the joint is broken. A wire 
may be broken, so that the ends touch each other intermittently. 
Scrape and resolder the joint. 

Cause. The regeneration-control resistor may be defective. 
The noise then is caused by the small changes in resistance, which 
produces erratic voltage changes in the plate circuit. Remedy. 
Tighten the screw holding the resistor parts together. Try a new 
resistor. If the new resistor tried in the circuit stops the noise, 
continue to use it. 

Questions 

1. About how many stages of radio-frequency amplification would you have 
to add in order to make a set as strong as a one-tube* regenerative receiver? 

2. Are your signals dearer before or after the set goes into oscillation? 

3. What is meant by hand capacity? 

4. Give a list of reasons why a set will not operate. 

5. Make a list of reasons why a set will not stop oscillating. 

6. Give reasons why sets may oscillate too strongly. 

7. Give a list of reasons why a set screeches and howls or is too noisy in 
operation. 

Trace the electron flow through the new plate coil. Trace the 
path of the electron flow of the plate current through the plate 
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circuit in Fig. 198. The electron arrows show that this current 
travels from the plate to the plate coil, which is wound near the 
grid coil. From the plate coil it goes through the radio-frequency 
choke, through the earphones, through the B battery, and back 
to the tube to complete the circuit. 

What is feedback? The current that flows through the tube 
also flows through the plate coil. This current sets up a magnetic 
field around the plate coil, which links with the grid coil and 
induces a voltage in it. This process is called feedback because 
each radio-frequency surge through the tube feeds back a tiny bit 
of energy to the grid tuning circuit. 



Fig. 198 . The current that flows through the tube also flows through the plate 
coil on its way back to the B battery. It induces or feeds back a helping voltage 
in the grid coil. 

The plate coil must be connected correctly. When the plate 
coil is wound in the same direction as the grid coil and the wires 
from the tube plate are connected correctly, the plate coil induces 
a helping voltage in the grid coil which makes the grid-circuit 
surges stronger. You can tell when the plate coil is correctly con- 
nected, because the set can be made to oscillate and faint signals 
will be louder. 

When wired backwards, the helping effect of the plate coil is 
lost. Try changing these connections, and note the difference it 
makes in the strength of the signals. Connections are wired on 
the set board for this purpose, as shown in Fig. 199. 

How does feedback make stronger signals? You found in the 
grid-condenser-grid-leak circuit that you could make the sounds in 
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the earphones louder only when the signal voltage on the grid was 
stronger. The grid condenser and leak made the voltage on the 
grid stronger in this circuit. 

In the regenerative circuit, feedback from the plate coil makes 
stronger the surges in the grid tuning circuit. This, in turn, 
makes stronger the voltage which is forcing electrons on and off 
the grid. The higher voltage then makes greater changes in plate 
current, and sound is louder in the earphones. 

But how far does regeneration go? You see, the feedback 
process continues, one effect building up the other to the limits 
of the tube, until the set is said to “go into oscillation.” 

What is oscillation? You know when the set is in oscillation, 
because you hear a hiss in the earphones. The set goes into oscil- 



Fig. 1})!). Arrange flexible >\ires and two connectors so you can reverse the 
connections to the plate coil. 

lation w r itli a soft thud or with a shriek, depending on the plate 
voltage and other factors. When the set is oscillating, speech 
and music are distorted and unpleasant. You hear whistles and 
squeals as you tune your set. 

Oscillation occurs in a circuit when enough power is fed back 
from the plate circuit to more than equal the power lost in the 
grid circuit. The voltage induced in your receiver by radio waves 
rapidly dies out because of the resistance of the wires and the wire 
joints in the antenna and tuning circuits. We try to keep the 
resistance low so that the strength of the voltage surges will be 
cut down as little as possible. These losses cut down the strength 
of the voltage on the grid, and the sound is weaker. 

But in the regenerative circuit these losses are largely offset by 
the voltage that is induced, or fed back, into the grid circuit from 
the [date circuit. Power supplied from the B battery makes up 
the tuning-circuit losses. 
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What circuit losses do we find at resonance? If there were no 
resistance in the tuning circuit, the current flow at resonance 
would be large. The voltage on the grid would be strong, and 
the signals loud. At resonance, the back voltages of the con- 
denser and of the coil cancel each other, because they are equal 
and opposed. So the only circuit loss is from the resistance of the 
wires and joints. But when you feed back just enough energy 
from the plate circuit to the grid circuit to equal the loss caused 
by resistance, the effect is the same as if there were no resistance 
in the circuit. When the amount of energy fed back just equals 
the losses, the circuit oscillates. 

What occurs in the circuit during oscillation? With no resist- 
ance left in the circuit, the current surges in the grid circuit reach 
their maximum possible strength. Now, if you feed back even a 
trifle more current, you get the steady, continuous surging in the 
grid circuit that is called oscillation. Your set then oscillates 
steadily at the frequency to which it is tuned. 

How is feedback, or regeneration, controlled? If the tube used 
in this set is a good amplifier and detector, enough energy can 
be fed back to make the set oscillate too strongly and produce 
screeches and howls, and while the program will be loud, it will 
be badly distorted and unpleasant to hear. 

You can easily control regeneration by changing the strength of 
the plate current. This can be done by using a resistor to con- 
trol the B-battery voltage (see the circuit in Fig. 200). 

The 50,000-ohm volume control used to control regeneration is 
simply a resistance element mounted in a small circular case, 
arranged with a sliding contact so that you can change the resist- 
ance to suit your needs. The resistance element may be carbon, 
or it may be fine resistance wire wound on an insulating strip. 

When the slider is moved to decrease the resistance, the voltage 
on the plate is increased, and more current flows through the tube 
and through the plate coil. 

This makes the magnetic field of the coil stronger, and a help- 
ing voltage is induced in the grid coil. In this way the resistor 
controls regeneration. 

How do the radio-frequency choke coil and the by-pass con- 
denser filter out the radio-frequency surges? The other new 
parts in this circuit, the radio-frequency choke coil (r-f choke) 
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and the 0.00025-microfarad (250-micromicrofarad) by-pass con- 
denser, need explanation (see Fig. 201). The coil and condenser 
form a filter circuit, which separates, or filters, the radio-frequency 



Regeneration - 
control resistor 

Fig. 200. This schematic diagram shows the way to connect the regeneration 
control resistor in the plate circuit. As you turn t lie control you change the 
plate voltage and so the plate current. 



Fig. 201. More new parts. The radio-frequency choke coil and the by-pass 
condenser stop the radio-frequency surges in the plate circuit and blend them 
into slower surges at audio frequency which will operate the earphones. 

surges of plate current that get through the tube from the low- 
frequency audio surges. 

You found in the crystal-detector set and in the one-tube detec- 
tor set that the radio-frequency surges of the carrier wave changed 
direction too fast to operate the earphones (see Fig. 202). But 
groups of surges were slow enough to operate the earphones. A 
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radioman would say that the radio-frequency choke stopped the 
radio-frequency surges, or radio-frequency component, but allowed 
the $udio component, or surges, to pass through to the earphones. 



Millions of radio-frequency surges 
are m the plate current before 
it reaches tho choke . 

These surges are m groups. The 
rac/io -frequency surges occur too 
fast to operate the earphones. 

Fig. 202. The wave picture of the 
by-pass condenser. 


These are the blended radio- frequency 
groups. About a thousand radio- 
frequency surges are blended into 
one audio surge. 

These audio surges are s/ow enough 
to operate the earphones . 

of the radio-frequency choke and the 


How does the filter work? The radio-frequency choke is 
designed and wound so that it will slop radio-frequency surges. 
Read again in Chapter 10 how the reactance of a choke coil 
increases as frequency rises (X L = rfL). When the current 



Fig. 203. The single radio-frequency surges come so fast that the back voltage 
which they set up in the radio-frequency choke coil stops them. No sound is 
heard in the earphones. 


surges are changing very rapidly (at radio frequency) they set up 
much more back voltage than do slower audio-frequency surges. 

Therefore, most of the electrons in the radio-frequency surges 
are stopped when they reach the radio-frequency choke coil (see 
Figs. 203 and 204). You hear no sound in the earphones, because 
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no current then readies them. You can note this cited by tempo- 
rarily removing the by-pass condenser. 

But how can the energy in the radio-frequency surges get to 
the earphones? The by-pass condenser is the answer. 



Fig. 204. The radio-frequency choke lias much back voltage when the current 
surges occur very rapidly, at radio frequency. It lias little hack voltage when 
slow surges occur. 

What does the by-pass condenser do? Because the by-pass 
condenser can store the energy between the radio-frequency surges, 
you hear sound. When the electrons in the radio-frequency surges 



Fig. 205 . The by-pass condenser offers the electrons a place to go instead of 
piling up at the radio-frequency choke. The pressure they build up at the ehoke 
forces them onto the condenser. 

pile up at the radio-frequency choke, the back voltage forces them 
into the condenser (see Figs. 204 find 205). The by-pass con- 
denser is small (250 micromicrofarads capacity) because it handles 
radio-frequency surges. 
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When the first radio-frequency surge dies down, the reverse 
back voltage of the choke pulls. The only electrons it now can 
get .are those in the condenser, because at this instant no surges 
are coming through the plate coil from the tube. At the same 
instant, the back voltage of the loaded condenser pushes the elec- 
trons back to the choke and through it to the earphones (see 
Fig. 20(5). 



Fig. 20G. When the surge through the tube ends, the eollapsing field around the 
choke pulls. At the same instant the pressure of the electrons on the condenser 
drives these electrons out and through the choke and through the earphones. 

The coil-condenser filter smooths the flow. The effect of the 
filter action is to cut down the peaks of current and fill in the 
valleys so that a slowly surging current results. Now a thousand 
or so radio-frequency surges blend into one surge (see Pig. 202) . 

The new surges are then slow enough so that they can get 
through the choke coil. They are at audio frequency. The choke 
has too few turns to build up sufficient back voltage to stop the 
slow audio surges. At this slow surge rate (frequency), it has 
practically no back voltage. These surges easily pass into the 
earphone coils, and you hear sound. 

What is the purpose of the condenser across the B battery? 
The large capacity condenser connected across the B battery (see 
Figs. 207 and 208) allows the surges to by-pass around the B 
battery. The battery is a poor path for these surges, as you can 
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tell by disconnecting one side of the condenser. The sound is 
better with it connected. This condenser must be large, because 
the surges are slow at audio frequency. A large condenser takes 
longer to fill than a small condenser at the same voltage. 



Fig. 207. Another nc^ part in this circuit is the audio by-pass condenser across 
the B battery and the variable resistor. 



Fig. 208. Schematic diagram of the by-pass condenser across the B battery 
and the variable resistor. 

Now, after you have studied the different parts of the regener- 
ative circuit and have learned about the operation of each part, 
it may be well to collect these ideas into a summary. 

S ummar y of Regeneration 

A weak current in the antenna circuit (Fig. 209) 
induces a weak voltage in the tuning circuit (Fig. 210). 

This voltage in the tuning circuit drives electrons on or pulls them 
off the grid of the tube (Fig. 211) 
and makes the grid more and less negative (Fig. 212). 
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Therefore, the plate current changes in strength — first strong, then 
weak, but (Fig. 213) 

to make loud sounds in the earphones, there must be a considera- 
ble change in the plate current. 



Fig. 209. A weak current Fig. 210. A weak current in the antenna circuit 
in the antenna circuit. induces a weak voltage in the tuning circuit. 



Fig. 211. The current surges in the tuning circuit drive electrons on and pull 
them off the grid of the tube. 


And so, by using some of the strong plate current to help the weak 
grid voltage, we can get louder sound (Fig. 214). 

We can do this by passing the plate current through the coil. 
This induces a helping current into the grid coil (Fig. 215). 
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Fig. 212. As the grid becomes positive or negative it controls the flow of the 
plate current. 




S mall current change Largo current change 

Fig. 213. Small current changes make weak sounds, large current changes make 
strong sounds. 



Fig. 214. By causing the plate current 
to flow through the new plate coil , a help- 
ing voltage is induced in the grid coil. 


Plate current 

helps the 1 



Fig. 215. Now more electrons are 
forced on and off the grid by the 
stronger voltage in the tuning circuit. 
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Now, because more electrons are forced on and off the grid by the 
stronger current in the tuning circuit (Fig. 216), 
the changes in plate current are much stronger and the music is 
louder. 

The setting of the regeneration-control resistor controls the amount 
of feedback current and the regeneration (Fig. 217), 





Fig. 216. The changes in plate cur- Fig. 217. The setting of this con- 
rent are larger and the music becomes denser controls the amount of plate 
louder. current that flows, which in turn con- 


trols the feedback to the grid coil and 
the amount of regeneration. 



Fig. 218. The radio-frequency choke and the by-pass condenser help by sepa- 
rating, or regrouping, the radio-frequency surges into groups. We now have a 
fine set. 


and so the set will play loudly but will not howl. 

The radio-frequency choke and the by-pass condenser help by 
separating, or regrouping, the radio-frequency surges into 
bunches (Fig. 218) which operate the earphones easily. And we 
now have a fine, sensitive set for long-distance reception. 

Questions 

1. What is meant by feedback ? 

2. What is the effect of winding the plate coil in the opposite direction from 
that of the grid coil ? 
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3. When does oscillation occur in a set ? 

4. WTiat would you add to your set to control regeneration? 

5. "What is the purpose of the radio-frequency choke coil ? 

6. W r liat is the purpose of the by-pass condenser? 

PART 4: KINDS OF AUDIO-FREQUENCY AMPLIFYING CIRCUITS 

When De Forest added the grid to the vacuum tube, he made 
possible electrical leverage, or amplification. He made a then 
comparatively useless vacuum tube into a valuable commercial 
device whose possibilities are now being rapidly developed by 
science and engineering. You have seen in your study of the 
operation of the detector, as well as of rt generation, how a few 
electrons on the grid control a strong flow electrons through the 
tube. The strong plate current follows every variation of the 
weak grid voltage. This illustrates the electrical leverage, or 
amplifying action, of the tube. 

A new line of development became possible. Now the weak 
electron flow from an antenna, which is measured in millionths of 
a volt (microvolts), when connected to the grid of the tube, con- 
trolled the strength of the current from the B battery through the 
tube, which was thousands of times stronger than the electron 
flow in the antenna. 

In the grid-condenser grid-leak detector, you learned how to use 
this antenna voltage more efficiently. You learned to amplify, or 
strengthen, its effect, so that the sound was stronger than that 
delivered by the simple detector set. Regeneration was another 
way to do more of the same thing. 

However, both the grid-condenser grid-leak detector and the 
regenerative circuit have limitations. Although the grid-leak 
detector added a relatively small increase to the signal strength 
and proved to be an excellent circuit for weak, distant signals, it 
could not handle strong signals well. The regenerative receiver 
you found to be very sensitive, but critical in its adjustment. 
When you study the audio-amplifier circuits, you will find that 
they are easy to build and easy to use and that they need but 
little added equipment. These circuits need no adjustments and 
are stable in operation. They can increase the volume of sound 
from your set until it is unbearable. 

You can build and wire two amplifier units, hook them to your 
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Bell Laboratories Record 

PRINTED-* IRE ClRCLITb PRO\ IDE \ N E* \AlRI\G TECHNIQUE 

The printed-* ire circuit hoard permits the use of automatic machines to assemble the components of the circuit and to solder 
automatically all connections at one time This * oman is making the master la> out for a printed * ire circuit 
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detector, and get your favorite program loud enough from a 
speaker so that your friends can enjoy the set with you. 

You will have to learn how to connect these different circuits 
together so that they will operate efficiently. As you remember, 
the method of joining one circuit to another is called coupling 
You will learn how to couple the detector to the audio-amplifier 
circuit, as well as learn ways to couple the amplifier units together. 
Here are some new things to learn about : 

1. The circuit of the transformer-coupled amplifier 

2. The circuit of the resistance-coupled amplifier 

3. The power audio amplifier 

4. The use of the (\ or bias, battery 

Why is coupling important? The kind < f coupling circuit you 
use is important, because you must carry the signal from one cir 
cuit to the other efficiently; you can lose much of the amplified 
signal if the circuits are improperly coupled. The first set you 
studied, the crystal detector, was directly coupled to the antenna. 
Part of the voltage induced in the antenna by the radio waves 
forced electrons to flow through the earphones and to produce 
sound. 

In the next set, the one-tube circuit, you also used direct cou- 
pling. Neither set was efficient. But both brought in programs 
and helped you learn a bit more about radio. 

What is inductive coupling? When you studied tuning, you 
used a different kind of coupling. You then wound a primary coil 
and a secondary coil to form a transformer. When you connected 
the antenna to one coil and the condenser to the other, you had 
inductive coupling between the two circuits. The voltage and 
current in the secondary were set up by induction. 

When inductive coupling is used, the antenna current can surge 
freely in its own circuit without having to operate a tube or a 
crystal. Only a part of its energy is used to drive the tuning 
circuit. 

The tuning circuit can also operate freely. If the tuning cir- 
cuit were coupled directly to the antenna, it would send more 
interfering current back into the antenna circuit than if it were 
loosely coupled. As you learned in Chapter 11, ‘‘Resonance and 
Tuning,” the two circuits must be separated, or loosely coupled, 
to keep interference between them down to a minimum. 
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What is capacitive coupling? You can also connect your 
antenna to the tuning coil through a small fixed condenser, as 
shown in Fig. 219. This method can be used either for the crystal 
or the one-tube detector. It is called capacitive coupling . 

While capacitive coupling is simple and uses few parts, it will 
cause more interfering voltage to be sent back from the tuning 
circuit to the antenna than will a well-designed inductive-coupling 
arrangement. 



Fig. 219. Capacitive coupling is a simple and inexpensive method of coupling 
two circuits together. Here the antenna circuit is coupled to tlie tuning circuit 
through a fixed coupling condenser. 

You will find, however, as you study amplifier circuits, that 
capacitive, or condenser, coupling is very effective. You will find 
it used in transmitter circuits, between transmitter and antenna, 
and in many other circuits. 

But, first, study the audio-amplifier circuit. 

PART 5: HOW TO BUILD A TRANSFORMER-COUPLED 
AUDIO-FREQUENCY AMPLIFIER 

Why is coupling needed? You could run a direct wire from 
the plate of the detector tube to the grid of the amplifier, but the 
set would not play. This connection would force few, if any, elec- 
trons to the amplifier tube. The detector B battery would make 
the amplifier-tube grid highly positive; much plate current would 
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flow and the tube would get hot, but you would hear little or no 
sound. However, by separating the detector plate circuit from 
the amplifier grid circuit, you can make the amplifier operate 
nicely. 

Is there more than one kind of coupling? You will study here 
two ways of coupling these two circuits: (1) by means of a trans- 
former and (2) by means of a condenser and resistor. 

The transformer-coupled amplifier has certain advantages. The 
transformer is small and is easily wired into the circuit. it uses 
lower B-battery voltages than the resist ance-capac»ty-coupled cir- 
cuits you will study later. One disadvantage is the higher cost of 
the transformer. 


Questions 

1. Compare the advantages of the transformer-coupled amplifier with those 
of the resistance-coupled type. 

2. Why is coupling so important? 

3. What is meant by inductive coupling? 

4. Compare the advantages of inductive coupling with those of capacity 
coupling. 

How to Build and Wire the Set 

Use a small set board. Use an audio-frequency transformer 
with a 2:1 or 3:1 turns ratio. You will also need a wafer-type 



Fig. 220. Layout and wire the audio-amplifier board as shown here. 

octal-tube socket. Mount the parts as shown in Fig. 220. Wire 
as shown in Fig. 221. 

The Filament Circuit. Run wires from the filament pins 1 and 8 
on the wafer socket to the A-plus and A-minus posts. 
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The Input Circuit . Run wires from the input posts to the P 
and B-plus connection on the primary of the audio transformer. 

The Grid Circuit . Run one wire from the G terminal of the 
audio-transformer secondary to the grid connection (pin 0) on 
the wafer socket. 

Run a wire from the F terminal of the audio-transformer to the 
C-ininus terminal. The C-plus terminal connects to the A-minus 
post. 

The Output Circuit. Run a wire from the P post on the tube 
socket (pin 2) to one output post. The wire from the other out- 


I • 3 Audio 
' Transformer - 


P 



G 



Fig. 221. Schematic circuit for the transformer-coupled audio amplifier. 


put post attaches to the B-plus post. Finally, the B-minus post 
connects to the A-plus post. 

How to Hook Up the Amplifier 

Ilook up the one-stage amplifier to a grid-condenser grid-leak 
detector. (The word stage means a single amplifier tube and 
circuit.) 

Step 1. Attach wires between the output, or earphone, posts 
on the detector set board to the input posts on the amplifier board 
(see Fig. 222). 

Step 2. Connect a 1^-volt A battery to the detector and another 
1^-volt A battery to the amplifier, as shown in Fig. 223. You will 
learn later how to use only one A battery for the entire set. 

Step 3 . Connect a wire between the two C terminals on the 
amplifier board (see Fig. 224). Connect earphones to the ampli- 
fier-output terminals. 



ijt vo/fs lj; vo/ts 

Fig. 228. Step 2 , connect an A battery to the detector and to the amplifier 
board. 



battery clips 


A 

1 i vo/ts 


8 

90 vo/ts 


Fig. 224. Step 5, connect a wire across the C-plus and the C-minus connections 
on the amplifier board. 
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Step 4" Connect the B battery to the amplifier (see Fig. 225). 
First, try 45 volts on the B battery, then add B batteries until 
you find a voltage that gives the best results. Listen for the 
loudest music that is still clear. 



Fid. 225. Step connect the B batteries to the two boards. Note that sepa- 
rate B batteries are used in this hookup. 


What B-battery Voltages Should Be Used 

The voltage you use on the tube filament and on the plate is 
quite important. Some tubes operate well as detectors with low 
B voltage, such as 22\ volts. But raise this to 90 volts or more 
and they detect poorly. Instead, they become excellent amplifiers. 

Each tube is designed for definite A and B voltages which must 
be used if the tube is to operate efficiently as a detector or as an 
amplifier. You will find most of these voltages in the Radio-tube 
Characteristics Charts, pages (568-093, or in manufacturers’ tube 
manuals. 

When the correct B voltage is used on the amplifier, the music 
will be heard as loud as it can be brought in. Using too low or 
too high voltages seldom results in clear music and speech. 

The manufacturer recommends in his tube manual the proper B 
voltage to use. He has made extensive and accurate tests to find 
the best operating point for the tube. Follow his recommenda- 
tions closely to get the most out of the tube and circuit. 

Try first B battery voltages for the audio amplifier between 
45 and 90 volts. Test the plate voltage at the B-plus and B-minus 
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terminals of the detector and the amplifier, not at the battery. 
Then try the B voltage recommended by the manufacturer in the 
tube chart. 

How to Operate the Set 

Turn on the A battery. Put on the earphones. Tune the 
deLector to your favorite broadcasting station. You should hear 
it with good volume. Nearby stations may be loud enough to 
hear with the receivers lying on the table. 

Why It Works 

As you learned in studying the one-tube detector circuit, the 
electron flow in the antenna sets up a weak voltage on the grid. 
As the grid voltage changes, the plate cunent changes, becoming 
alternately stronger and weaker to reproduce the sounds entering 
the microphone at the broadcasting transmitter. 

In the detector these changes in strength of the plate current 
move the earphone diaphragms to make sound. But when you 
attach an amplifier to the detector, the plate current is passed 
through the primary of the audio transformer. 

When the current flowing through the primary becomes stronger, 
the field around the primary spreads out and becomes stronger. 
As it expands, the field induces a voltage in the secondary. Then, 
when the current in the primary weakens, the collapsing field 
around the primary moves inward across the secondary turns and 
induces a secondary voltage in the opposite direction. 

Rule. An alternating voltage is induced in the secondary when a 
pulsating direct current flows in the primary . 

This audio transformer has three times as many turns on the 
secondary as on the primary and, therefore, is called a step-up 
transformer. As the field from the primary cuts across the many 
turns in the secondary, it sets up a higher voltage across the 
secondary. This higher secondary voltage forces more electrons 
on the amplifier grid than the weak antenna current could force 
on the detector grid. 

Voltage Changes on the Amplifier Grid 

Since the audio transformer has a turns ratio of about 1:3, you 
should find about 3 volts across the secondary for every volt across 
the primary. 
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The higher voltage of the amplifier B battery causes more plate 
eurrenl to flow through the amplifier tube than flows through the 
detector tube. The amplifier plate current is about 3 milliamperes 
as compared to 1^ milliamperes for the detector. Now that you 
have more voltage on the grid of the amplifier tube, you can get 
much larger changes in the strength of the amplifier plate current. 
The plate current is now strong enough to operate a speaker when 
a strong nearby station is being received. For most signals, ear- 
phones will still have to be used. 

PART 6: HOW TO BUILD A RESISTANCE-COUPLED AUDIO AMPLIFIER 


How to Build and Wire the Set 


Mount the parts on a small baseboard, as shown in Fig. ££0. 



Flu. 22(1. The hoard layout lor the resistance-coupled audio amplifier. 


INPUT 


Resistor ; 
size may be 
50,000 to 
/ 00 ,000 ohms- 
/ watt 


B+ 


Coupling 

condenser 



2-megohm 
gnd teak. 



#1 -Hi 


- C + -A+ - B + 

9 volts volts 155 volts 


OUTPUT 
to speaker 


Fig. 227. Schematic circuit of the resistance-coupled audio amplifier. 


The Input Circuit . No transformer is used in this circuit. In 
its place are two fixed resistors, one of 50,000 to 100,000 ohms 
and the other a £-megohm grid leak (see Fig. ££7). The fixed- 
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coupling condenser may have any capacity between 0.006 and 
0.01 microfarad. 

The Filament Circuit and the Plate Circuit. Wire the filament 
and plate circuits as shown in Figs. 226 and 227. 

How to Operate the Set 

This amplifier is in operation when the A battery and B batteries 
are connected. There are no adjustments to make on this set. 
Use a 1LES tube when earphones are connected to the amplifier. 
Use a lLEfi for a speaker. You can also use oilier triodes by 
changing the wiring of the tube socket. 

What Are the Advantages and Disadvantages of Resistance- 
coupled Amplifiers? 

The high resistance used in the detector plate circuit of this 
amplifier makes it necessary to have a high B voltage. For a 
1LE3 tube, you need 90 volts on the detector plate for resistance 
coupling, where 22i volts would do with transformer coupling. 

Audio howls are less likely to occur in the resistance-coupled 
amplifier, because there is no transformer to cause feedback. The 
advantage of a well-designed amplifier of this type is that signals 
of a very good quality are obtained when it is used. There are 
no transformer losses in this circuit. However, the amplification 
is not high, whereas with the transformer coupling a higher ampli- 
fication may be had. 

Three resistance-coupled stages are needed to equal the output 
of two transformer-coupled stages (see Fig. 228 for this circuit and 
Fig. 229 for the way to connect the batteries). 

Noninductive (non-inductive) resistors should be used in this 
amplifier. Carbon resistors are satisfactory. The colliding resist- 
ance should be twice the plate impedance of the tube. If the 
coupling condenser is too small, below 0.006 microfarad, the bass 
notes will be weakened or cut out. A larger size can be used if 
several stages of resistance coupling arc to be used; the same size 
of condenser will do for each stage. This condenser must have 
good insulation, since leakage will destroy its efficiency. Current 
leaking through the condenser will affect the bias of the amplifier 
tube and will cause distortion. 

"Motorboating” in a resistance-coupled amplifier may occur 
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when a power supply is used in place of B batteries. Motorboating 
is not noticeable with a one-stage amplifier but is bothersome when 
several stages are used. Motorboating is caused by feedback 



a a 

tivoffs O 90 J35 vofts 


Fig. 228. This is the schematic circuit for a two-stage, resistance-coupled audio 
amplifier. 



A Battery Croup of B Battorios C Battery 

ljt volts wired m senes. 9 volts 


Fig. 229. This shows the connections of the batteries for a two-stage, resistance- 
coupled audio amplifier. 

through common plate connections. One remedy is to attach a 
20-mf filter condenser across the power supply. 

Why It Works 

Electrons on the way from the detector plate in Fig. 230 to the 
B battery are held back by the high resistance of the coupling 
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resistor. The resistance here is steady. Surges from the detector 
tube, which cannot rush easily through the resistor, drive electrons 
onto side A of the coupling condenser and, in turn, drive surges 
from side B to the amplifier-tube grid. The condenser capacity 
must be large enough to allow all audio frequencies to get to the 
amplifier-tube grid. 



Fig. 230. Use this diagram to explain the operation of the resistance-coupled 
audio amplifier. 

This type of coupling produces signals of good fidelity, since the 
voltage drop caused by the resistor does not change with frequency. 

Questions 

1. Why cannot the grid of the amplifier tube he connected directly in the 
plate circuit of the detector tube? 

2. What determines the impedance of the primary of the audio transformer? 

3. Compare the connections of a resistance-coupled set with those of a trans- 
former-coupled set. 

4. What is the purpose of the fixed condenser in the resistance coupling? 

PART 7: HOW TO BUILD A POWER AUDIO AMPLIFIER 

The power audio amplifier is simply a second amplifier stage 
added to the first. The output of the first amplifier stage is used 
to drive the grid of the second amplifier tube. Enough current 
flows in the plate of the second amplifier stage to operate a speaker. 
You get this added current by using both higher B-battery volt- 
age and a power tube to control the increased plate current that 
flows. You can now hook up a detector and two stages of audio 
amplification. 

Build and wire the set. The power amplifier board is the same 
as the one shown in Fig. 220. 
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Hook up the circuit. Connect two wires from the output posts 
of the first amplifier to the input posts of the second amplifier (see 
Fig. 231). 



Fig. 231. One A battery will do for the detector and for both the amplifier 
boards when the hoards are connected as shown here. The filaments are con- 
nected in parallel. 



A Battery B Batteries 

ti vo/ts 


Fig. 232. By connecting all of the B batteries in series, four batteries are enough 
for the three tubes. Note that the B-minus connection from the first battery is 
also connected to the amplifiers through the A-plus wires. 

Connect the A battery. One A battery can be used for all three 
circuits by connecting the A terminals on the boards in parallel. 
Do this by running wires from the first set board, as shown in 
Fig. 231. 

Connect the B batteries. One group of B batteries may also 
be used for all three set boards. First, connect four B batteries 
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together in series to get 180 volts (see Fig. 232). Then connect 
the B-minus end of the first battery to the detector B-minus post. 
Connect a wire from the detector B-plus post to the first battery, 
so that the detector has 22^ volts on its plate. 

Now run a wire from the detector B minus to each of the two 
amplifier stages, connecting the wire to their B-minus posts. 

Connect a wire from the B-plus post of the first amplifier stage 
to the 90-volt tap on the second B battery. Connect the power- 
amplifier B plus to the 180- volt tap at the end of the fourth B 
battery. 

Connect a wire across the two C-battery terminals on the power- 
amplifier board. Attach a magnetic speaker to the output termi- 
nals of the power-amplifier stage. 

Caution . Use no earphones with this circuit because the power 
output is great enough to damage them. 

For what is the power -amplifier tube used? First, use a 1LES 
tube for the amplifier. Although the music will be louder, it may 
have considerably more distortion than it should. 

A power-amplifier tube is designed so that voltages on its grid 
cause large changes in the plate current. The grid wires are closer 
together than for a detector tube, and they may be closer to the 
filament. Such a grid has good control of the plate current. You 
can use a power tube for a detector or for a first amplifier, but the 
set plays better when the correct tubes are used. The detector 
and amplifier tubes are designed to give large voltage changes, 
whereas the power-amplifier tube is designed to produce large cur- 
rent changes. For this reason the detector and first amplifier tube 
are often called voltage amplifiers, and the power tube is called a 
current amplifier. You will learn more about power tubes when 
you study alternating-current tubes. 

Now, when a speaker is connected across the output of the power 
stage, large changes in current produce enough motion of the paper 
cone to make the music much louder than with earphones. 

How to operate it. Attach the A batteries to the filament 
circuit so that the tube filaments heat. Tune the detector cir- 
cuit, and the set is in operation. Try different plate voltages on 
the power amplifier to see when the music is loudest. Also note 
at what voltage you get the least distortion of the music. 

The C battery, made by wiring 15 flashlight cells in series and 
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mounting them in a small box, has the positive end connected as 
shown in the diagram, Fig. 233. Attach a test point or a clip to 

the C-minus connection on the 
amplifier board. 

Now move the clip connec- 
tion from cell to cell until you 
get both the loudest and the 
clearest music. Fasten the C- 
battery clip to this battery. 
(The C-battery clip must be 
moved when the B voltage is 
changed.) 

Why it works. As the plate 
current of the first audio stage 
changes in strength, it induces 
an alternating voltage in the secondary of the coupling transformer. 
This induced voltage on the power-tube grid is higher than that on 
the grid of the first audio tube. 

There is a small change in the detector plate current. It would 
be enough to operate earphones, but when the audio amplifier is 
connected, the change induces an alternating voltage in the second- 
ary of the coupling transformer, which is connected to the grid of 
the second amplifier tube. 

With 90 volts on the second tube, more plate current flows. 
The voltage on the grid of the second tube is higher than that on 
the grid of the detector tube, and so it causes larger changes in 
plate current. 

The voltage on the grid of the power-amplifier tube is still 
higher, and the changes in the plate current of this tube are the 
largest in the set. They are large enough to operate a speaker. 
In a later chapter you will study power tubes that handle much 
more current and produce sound of greater volume. 

What is the purpose of the C battery? The alternating voltage 
from the second amplifying transformer makes the grid of one 
power tube as much as 12 volts positive and 12 volts negative on 
strong signals. Find this in the Negative-grid-volts column of the 
Condensed Data Section, pages (>70-093. The data in this tube 
chart show that the 1H4G type requires minus 13.5 volts for its 
operation when the plate voltage is 180. You will find that with 
13.5 volts of C battery the music is loudest and clearest. A loud 



Fig. 233. Connect the C battery to the 
C posts on the 'power amplifier only. It 
is seldom needed on the preceding ampli- 
fier stage. 
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signal will cause a 13.5- volt change on the grid; this must be offset 
by the C battery to prevent distortion in the music. 

What causes distortion? The voltage changes on the grids of 
the amplifier stages and the plate-current changes in each stage 
must have the same wave shape as the current changes at the 
microphone in the broadcasting studio, if the music or sound you 
hear is to be true and undistorted. The height of each of the 
individual loops above and below the zero line of the wave must 



Fig. 234 . When the grid becomes positive, it collects a few electrons from the 
space charge, and the wave is less positive than it should be. T-his produces 
distortion. 

be proportional to the height of the corresponding loops at the 
microphone. Each amplifier stage simply increases the height, or 
amplitude, of each surge but keeps its height in exact proportion 
to the height of the original wave. 

With no C battery, the positive loops are too low. You remem- 
ber that when the grid became positive in the grid-leak grid- 
condenser circuit, the grid attracted electrons from the space 
charge. 

When the amplifier grid becomes positive, it also collects elec- 
trons. On the positive loops, which should be, let us say, 13.5 volts 
positive, the grid may only become 6 or 8 volts less negative, 
because of the electrons the grid collects from the space charge. 
The wave shape shows that the loops are now out of proportion, 
and the music sounds are distorted (see Fig. 234). 
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What is the effect of C bias? You prevent distortion by using 
a 13.5-volt C bias. This makes the grid so negative that even 
with the strongest signal from the preceding amplifier the grid 
never becomes positive. This will cause no harm to the music, 
because the grid, instead of going positive and negative, starts at 
a point 13.5 volts negative and becomes more negative and less 
negative (see Fig. 235). An example makes this clear. 



Fig. 235. With a negative grid bias, the grid is kept so negative that the signal 
cannot make it positive. It just becomes more and less negative. The music 
is now clear. 

Suppose that a 10-volt signal is on the power-amplifier grid. 
Without a C battery, it would make the grid alternately 10 volts 
positive and 10 volts negative, and the music would be distorted. 
With the 13.5-volt negative bias, however, the grid becomes 3.5 
volts negative (10-volt positive signal — 13.5-volt negative bias = 
3.5 volts negative) and 23.5 volts negative (10-volt negative sig- 
nal + 13. 5- volt negative bias = 23.5 volts negative). This is the 
same as if the zero operating point for the grid had been dropped 
down to 13.5 volts negative and the grid operated above and below 
this point. 

How does C bias affect plate current? Less plate current now 
flows, because the tube grid is more negative than before. How- 
ever, the plate current becomes alternately stronger or weaker than 
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it did before. Its wave shape remains the same (has the same pro- 
portions) but, because the grid collects no electrons, the music is 
clear and has a minimum of distortion. 


Questions 

1. Should you use a speaker or earphones on a p<>\\ er audio amplifier? Explain 

2. Why is C bias important in this set? 

3. How can you prevent distortion? 

4 . Does C bias increase or decrease the plate current? 


Technical Terms 


amplification — The process of increasing tin* strength of signals, 
antenna coil — The coil connected in the antenna-ground circuit, 
cutoff point — The negative grid voltage, caused by electrons collected on the 
grid, at which the llow of plate current is completely stopped, or cut olf. 
detector— As used here, a vacuum-tube circuit used to convert radio-frequency 
pulsations into audio-frequency pulsations, which will produce sound in tin* 
earphones. 

DX — An abbreviation used by radio amateurs meaning distance, 
feedback — A voltage induced in the grid coil by the pulsating plate current 
flowing through the plate coil in a regenerative receiver, 
grid bias — A steady pressure of electrons kept on the grid, 
grid coil —The coil connected to the grid of the tube. 

grid condenser— A 0.00025-microfarad fixed condenser connected in the grid wire, 
grid leak — -A high resistanee connected across the grid condenser which allows 
electrons to leak from the grid baek to the filament through the secondary coil, 
grid return — A wire connecting the end of the grid eoil to the filament circuit, 
hand capacity — The condenser effect of the body. There is enough capac ity, or 
condenser, effect in the body to change the tuning of a regenerative* set. 
megohm — A unit equaling 1,000,000 ohms. 

oscillation— The surging of a current baek and forth in a circuit. Generally 
refers to a condenser-eoil circuit, 
plate coil — The coil connected in the plate circuit. 

pulses— Changes in strength of a direct current, as in a pulsating direct current, 
or the alternating-current component of a direct current, 
regeneration— A process of feeding energy from the plate circuit hack to tin- 
grid circuit to increase the volume of the signals, 
resistance Coupling-Transference of energy between circuits through a resistor- 


condenser circuit. , . . . ... 

Shielding— A grounded piece of metal placed between the control knob ami the 

set in order to prevent hand capacity from affecting tuning, 
signal- — The voltage set up in the antenna and in the different circuits of the 

receiver by passing radio waves. 

Stage — A single amplifier tube and circuit. . , , 

transformer coupling-Transference of energy from one circuit to another by 

means of a transformer. . , 

zero beat— A point at which an oscillating receiver is adjusted to resonance with 
an incoming signal. At this point no carrier whistle is heard. 
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THE DYNAMIC LOUDSPEAKERS 


In all the radio sets you have studied so far, you have used ear- 
phones to hear the music or other signals picked up by the set. 
You have used earphones because in many of these sets the sounds 
were weak and earphones fit snugly on your ears and keep out 
unwanted noises. 

But now that you are acquainted with circuits and understand 
how to assemble and operate more powerful sets, you are ready to 
discard the earphones for loudspeakers. You cannot use the ear- 
phones in sets having much over three tubes, because l he earphones 
will not handle the current. The sounds will be unpleasantly loud. 
Therefore, you will now learn the operating principles of dynamic 
loudspeakers and how to use them. 

You will learn the following things in this chapter: 

Part 1 : The Purpose of the Loudspeaker 

Part 2: How Dynamic Loudspeakers Are Constructed 

Part 3: How the Dynamic Loudspeaker Is Connected to the Set 

Part 4: How the Dynamic Loudspeaker Produces Sound 

Part 5: The Quality, or Fidelity, of Sound 

Part (5: How Horns and Baffles Improve Sound Quality 

The new symbols used in this chapter are shown in Fig. 236. 

PART 1: THE PURPOSE OF THE LOUDSPEAKER 

The loudspeaker is used to produce sound loud enough to be 
heard at a considerable distance from the set. In a well-designed 
receiver the voltages on the grid of each tube and the resulting 
plate-current changes have followed faithfully the electrical vari- 
ations in the microphone circuits at the broadcasting station. 

The job of the speaker is to transform these variations in electri- 
cal energy into sound waves that are faithful reproductions of the 
sound waves which reached the studio microphone. 

284 
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Fig. 236. These are the new symbols used in Chapter 13. 


The early earphone, usable by only one or two persons, soon 
developed into the magnetic-type speaker. The earphone cap, 
with its small opening, went through its own evolution to become 
adapted to the distribution of louder sound volume. It was found 
that cupping the hands over the earphone, or setting a paper cone 
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on the earphone cap, seemed to make the sounds coming from it 
louder. 

Larger coils, a larger diaphragm, and various types of horns 
were experimented with in attempts to improve the efficiency of 
the earphone as a loudspeaker. 

A balanced-armature type of earphone was popular at one time. 
Its principle was later adapted for use in the magnetic-type loud- 
speaker. The two-way action of the metal armature was coupled 
to a diaphragm by a lever action to increase the movement of the 
armature. Later, the size of the coils was increased, and the dia- 
phragm and horn were replaced by a paper cone. The result was a 
loudspeaker much more efficient than the earphone as a sound 
producer. 

However, when still greater sound power was desired, a new type 
of speaker was developed. This was the dynamic speaker, which 
operated on a new principle. 

PART 2: HOW DYNAMIC LOUDSPEAKERS ARE CONSTRUCTED 

What is a dynamic speaker? The dynamic speaker operates, as 
does a meter or a motor, on the principle that a wire carrying a 
current will move when placed in a magnetic field. It is essentially 
a paper cone moved by a small coil of wire suspended in a powerful 
magnetic field. The result makes possible the handling of very 
great sound power and the production of sound of excellent fidelity 
and naturalness. 

With this speaker, sound volumes great enough to fill large 
auditoriums or to operate out of doors are made possible. 

Two types of dynamic speakers are in use at present: the per- 
manent-magnet (p-m) type (see Fig. 237), in which the powerful 
field is provided by a permanent magnet; and the electrodynamic 
type, in which the magnetic field is provided by an electromagnet 
and a specially formed core. 

As you examine different dynamic speakers, you will find that 
they are essentially the same in construction. (Both speaker types 
have the same frame, paper cone, and voice coil. They differ only 
in the. method of producing the powerful magnetic field in which 
the voice coil moves.) 

What is the speaker cone? The cone is made of a light, durable 
paper. Corrugations are pressed into the paper around the rim 
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near the edge of the cone. The edges of the eone are cemented 
to the speaker frame. These corrugations on the rim of the eone 
serve several purposes: They allow the eone to move freely and to 




permanent magnet 

Fig. £37. The permanent -magnet (p-xnj type of dvimmic speaker shown here 
uses a piece of special alloy steel (the permanent magnet) to produce the powerful 
magnetic field needed for the operation of the speaker. 

follow the motion produced by the weak currents flowing through 
I he voice coil; they transmit no vibrations into the paper from the 
supporting frame; and they 
lower the resonant frequency of 
the cone. 

What is the voice coil? A 
few turns of wire, called the 
voice coil , are wound on a small 
cylinder attached to the smaller 
end of the cone. The voice 
coil must be very light, and so 
small wire wound closely is 
usually used for the winding. 

From 1 to 50 turns of wire 
must be wound on this coil. 

What is the spider? Be- 
tween the cone and the voice 
coil is attached a centering de- 
vice called the spider. It is a disk of fiber or thin micarta punched 
to the shape shown in Fig. 238. 

The spider is adjustable so that the voice coil can be centered 
accurately and can move freely without rubbing on the core or 
the disk. There are only a few thousandths of an inch clearance 



Fig. £38. The spider and voice coil of a 
dynamic speaker are cemented to the 
cone. There are many variations of the 
form of the spider in speakers made by 
different manufacturers. 


288 


UNDERSTANDING RADIO 


between the voice coil and the core and between the voice' coil and 
the outside iron disk or the metal frame. 

Questions 

1. What effect does a stiff supporting ring on the cone have upon the quality 
of music or other signals? 

2. What effect does a heavy voice coil have upon the quality of signals 
reproduced ? 

3. About how much clearance is there between the voice coil and the core? 

What is the permanent-magnet speaker field? The dynamic 
speaker requires for its operation a very powerful magnetic field 



Fig. 239. An exploded view of an electrodynamic speaker. 


across the space in which the voice coil hangs. The field is pro- 
vided in the permanent-magnet type of speaker by a permanent 
magnet of special alloy, and in the electrodynamic speaker by a 
powerful electromagnet. 

A piece of special magnetic alloy steel is welded to a soft iron 
frame, which carries the magnetism to the space in which the 
voice coil moves (see Fig. 287). The permanent magnet is made 
of an alloy of aluminum, nickel, cobalt, and iron which makes 
possible a far more powerful field and a higher flux density than 
do older materials. Note that the magnet and frame form a sort 



THE DYNAMIC LOUDSPEAKERS 


289 


of double horseshoe magnet. The upper end of the permanent 
magnet is formed into a circular plug which fits inside the voice 
coil and is one pole of the magnet. The other pole is formed by 
the metal frame to which the permanent magnet is welded. A 
hole, slightly larger than the voice coil, is formed in the frame. 
This leaves a narrow circular space between the frame and the 
central plug across which there is a very powerful magnetic field 
(see Figs. 237 and 239). 

The speaker will be more efficient if all the voice coil is in a 
strong field. The magnetic 
lines of force produced by the 
field coil are concentrated 
across this small gap. The 
voice coil, placed in this gap, 
is in a powerful magnetic field, 
evenly distributed around all 
the coil. 

What is the electrodynamic- 
speaker field? A very power- 
ful magnetic field is produced 
when current from the power 
supply in the set flows in the 
speaker-field coil of thousands 
of turns of fine wire. The 
metal case A is a cup, or shell, 
with the main core B at its center (see Figs. 239 and 240). The 
field coil slips into the shell around the central iron core. 

An iron disk C fits over the field coil on the top of the shell. 
The central core B fits through the hole in the disk C\ with space 
for the voice coil D to fit between the core and the iron disk. The 
core, shell, disk, and winding form an electromagnet. There is an 
intense magnetic field across this circular space, as in the perma- 
nent-magnet dynamic speaker. 

PART 3: HOW THE DYNAMIC LOUDSPEAKER IS CONNECTED TO THE SET 

Examine the circuit used to connect the speaker to the receiving 
set, as shown in Figs. 241 and 242. They show the ends of the 
wires from thq voice coil connected to the proper terminals on the 
output-transformer secondary. Instructions for making these con- 



Fig. 240. A cutaway view of the field 
coil and magnet of an elect rod y numic 
sfieaker. 
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nections come with the speaker or with the output transformer 
The output transformer is generally mounted on the speaker. 



Fig. 241. An output transformer must he connected between the power audio 
amplifier and the dynamic speaker. 


Power audio 
amplifier 



Ou fpuf Dynam/c 

transformer speaker 


S 



Fig. 242. The output transformer is used to couple the last power audio stage 
to the voice coil of the dynamic speaker. 


PART 4: HOW THE DYNAMIC LOUDSPEAKER PRODUCES SOUND 

How does the dynamic speaker work? There is a powerful 
magnetic field across the air gap. In the permanent -magnet 
speaker there is a steady field across the air gap, but in the electro- 
dynamic speaker this field exists only when the set is in operation. 
When the set is turned on, current from the power supply flows 
through the thousands of turns of the field coil and produces a 
powerful magnetic field in and around the coil. The core, in the 
shape of a horseshoe magnet, then has an intense magnetic field 
across the small air gap between the poles. 

What causes the voice coil to move? When a current from the 
power-amplifier stages of the set flows through the turns of the 
voice coil, a magnetic field is produced around the voice coil. 
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A strong current flow will create magnetism that will force the 
voice coil either in or out of the field across the gap, depending on 
the direction of the current flowing through the coil (see Figs. 2451 
and 244). 



Fig. 243. When the current flows Fig. 244. When the current reverses 
through the voice 1 coil as shown by the* the cone moves outward, 
arrows, the cone moves inward. 


How does the cone produce sound? When the cone moves 
outward, it pushes the air near the cone outward. Tin’s pro- 
duces a compression in the air which travels away from the cone. 



Fig. 245. As the speaker cone moves Fig. 240. As the eone moves back- 
forward, it compresses the air molecules ward, it rarefies the air and the mole- 
together. cules are farther apart than usual. 

This also produces a rarefied area behind the cone (see Fig. 245). 
When the cone is pulled back, the air is momentarily rarefied in 
front of it (see Fig. 24 6). The alternate compression and rarefac- 
tion of the air produce a sound wave. 
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What is the source of the voice-coil driving current? The power 
tube in the set can be connected directly to the voice coil. But 
not enough current flows in the tube-plate circuit to operate the 
Voice coil. Connected this way, the speaker would work very 
inefficiently if it wpuld work at all. The reason for this is that 
the resistance between the filament and the plate of the power 
tube is around 8000 ohms. The resistance of the voice coil is 

from 3 to 20 ohms. To work efficiently, 
the plate resistance of the tube and the 
resistance of the coil to which it is con- 
nected must be the same. 

You can make the speaker operate effi- 
ciently if you connect a step-down output 
transformer with a ratio of about 50:1 
between the plate circuit of the tube and 
the voice coil. 

How is an output transformer con- 
structed? In the circuit diagram. Figs. 
241 and 242, a transformer is connected between the plate of the 
power tube and the voice coil of the speaker. It is called an output 
transformer (see Fig. 247). 

Tear up a burned-out output transformer and examine its wind- 
ings. Note that the primary has many turns of fine wire and 
that the secondary lias few turns of larger wire. The core is 
laminated. 

What is the purpose of the output transformer? It delivers a 
strong current to the voice coil. The job of the output transformer 
is to deliver as much power as possible from the plate circuit of 
the power-amplifier tube to the voice coil of the speaker, which 
needs much current for its operation. It is a step-down trans- 
former, which delivers a high current at a low voltage to the 
speaker voice coil. 

The output transformer matches impedances. The output 
transformer has another very important job, that of matching 
impedances. If you were to connect the output of the power- 
amplifier stage directly to the voice coil, you would get poor 
results. Sound would be weak because the current would be too 
low to operate the speaker efficiently, and also because a circuit 
works best when the plate resistance of the tube is approximately 
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Fig. 247. The output 
transformer used to couple 
the output of a power tube 
to the voice coil of a dy- 
namic speaker. 


THE DYNAMIC LOUDSPEAKERS 288 

the same as that of the load (the load may he the earphones, the 
transformer, or the resistor) to which it is connected. 

The maximum amount of power is transferred to the speaker 
when the plate impedance of the tube is the same as the impedance 
of the transformer with the voice coil connected, and when the 
impedance of the voice coil matches the impedance of output 
transformer and tube combined. 

Primary resistance is equal to the tube resistance. All of the 
current that flows through the tube flows through the primary of 
the output transformer. When the primary has a resistance equal 
to the tube-plate resistance, the greatest amount of useful current 
flows in the plate circuit. 

But when the plate resist am e and the lead resistance an* equal, 
there is considerable distortion. By increasing the load imped- 
ance (the impedance of the transformer primary) to twice the 
impedance of the tube, you arrive at a more satisfactory compro- 
mise between distortion and power output. 

PART 6: THE QUALITY, OR FIDELITY, OF SOUND 

In good loudspeakers the loudness, or volume, of any one fre- 
quency must not be stressed over that of any other frequency. A 
speaker that will reproduce overtones in music has better quality 
than one that kills overtones. The overtones give music its qual- 
ity, or richness. The fundamental is the basic tone that is pro- 
duced. Overtones are tones over the fundamental tones. A violin, 
the voice, or a good piano arc ah rich in overtones. 

As reproduced music approaches perfect reproduction of pitch 
and overtones, with neither high nor low frequencies stressed, the 
music sounds more real. A speaker that stresses no frequencies 
reproduces music of high fidelity , or of fine quality. A good 
dynamic speaker will reproduce equally well all frequencies from 
£00 to 5000 cycles. No frequency will be stressed, nor will the 
volume, or loudness, of any frequency be stressed. High-fidelity 
speakers extend this range to from 10,000 to 15,000 cycles. 

Questions - 

1. Describe the construction of a paper cone for loudspeakers. 

2. Explain how a cone produces sound. 

3. What is meant by saying that a speaker has high fidelity? 
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PART 6: HOW HORNS AND BAFFLES IMPROVE SOUND QUALITY 

What is the purpose of a horn? The earphone is designed to 
send sounds directly into the ear. It works well for that purpose. 
But, to act as a small speaker, the earphone must have some way 
to set enough air molecules vibrating so that sounds can be heard 
in all parts of a room. (The hole in the earphone cap is so small 
that it sets only the air around the hole in vibration.) Cup your 
hands around an earphone that is connected in a receiver circuit 
and is lying on a table. The sounds seem louder than they do 
without your hands. Put a cone-shaped paper horn on the ear- 
phones, and the sounds are still louder. 

The paper horn transfers the tiny vibrations of the earphone 
diaphragm to a gradually increasing volume of air. It also pre- 
vents scattering of the sound. It gradually spreads the vibrations 
so that more and more air molecules are set in vibration and its 
maximum sound effect is obtained. To obtain the most effective 
shape, formulas have been carefully worked out for the sizes of 
the small and the large ends of the horn, as well as for the rate 
at which the diameter of the horn increases. A horn of a popular 
and effective shape is called the exponeniial horn . You have seen 
such horns on portable public-address systems, for instance, those 
used to announce plays at football games. 

In the exponential horn sound waves are set up by a powerful 
driver unit , which forces the air molecules into vibration. The 
horn gradually transfers the vibrations from molecule to molecule, 
setting larger and larger volumes of air into motion until the sound 
waves can be released into the surrounding air most efficiently. 
In this way the air vibrations of the relatively small moving part 
of the driver unit are coupled to the outer air 

Why is a baffle used with a cone-type speaker? A slow-motion 
picture taken of a speaker cone would show the cone dancing back 
and forth, sometimes with tiny, rapid motions and at other times 
with huge, slow motions. The fast vibrations set up the higher 
pitch tones, and the slow vibrations produce the bass tones. 

The cone of a powerful dynamic speaker is much larger than the 
diaphragm of an earphone, and it sometimes moves as much as 
| to \ inch on bass notes. Obviously, an exponential horn for 
such a speaker would be large and awkward, particularly for use 
in a radio cabinet for the house. 
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The simplest way to bring out bass tones is to use a large, flat 
piece of rigid material called a baffle (see Fig. 248). As tile speaker 
cone moves back and forth, it pushes air molecules in front of it to 


form a compression wave that 
moves outward from the speaker 
at 1180 feet per second (see Fig. 
245). 

When the cone jerks back- 
ward, it pulls some molecules 
with it and leaves a space where 
the air molecules are farther 
apart than usual (see Fig. 24(>). 
Air molecules move into this 
space, and the rarefied wave 
moves outward, as did the com- 
pression wave. 

The distance between one 
compression wave and the next 
is the wavelength of the sound 
in air. A high tone, produced 
when the speaker cone moves 
rapidly back and forth, lias a 
short wavelength. The air 
wave travels only a short dis- 



Fiti. 248. Sot tho baffle against the 
speaker face. Then try several differ- 
ent sizes of baffles to see the effort of 
baffle size on the quality of the music: 
prod need by the speaker. 


tance before the next wave leaves the cone. These waves are 


close together, only a few inches apart in some cases. But, for 
bass notes, where the cone moves slowly, the wavelength is long, 
sometimes over 10 feet. 


Where a compression wave from the front of the cone meets a 
compression wave from the rear of the cone, the sound is louder 
and clearer. But where a compression wave meets a rarefied 
wave, one kills the effect of the other and the sound is weakened. 
You can use a large, flat plate, or baffle, to force the waves pro- 
duced by the rear of the cone to travel a longer distance before 
they reach the ear of the listener in front of the cone. The waves 
from the rear will thus be weakened enough to prevent their inter- 
fering with the waves from the front of the cone, which are the 
ones the listener wants to hear. Some of the effects of interfer- 
ence from the back waves can be eliminated if, at the listener’s 
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car, the baffle forces a compression wave from the rear and the 
corresponding wave from the front to mccl in step, or, as the 
engineer would say, in phase. 

You can observe I he effect of baffles in a striking experiment. 
Cut several baffles out of heavy wallboard as follows: Make the 
first baffle IS inches square, the second 3(> inches square, the third 
48 inches square, and, if sufficient material is available, a fourth 
72 inches square. Cut a hole in the center of each for the speaker. 



Fkj. 249. This is the inside of the bass-reflex baffle. Note that there is insula- 
tion on only three sides of the inside of the box. In this way, one of each of the 
parallel sides is insulated. 


How are cabinets used as baffles? Many forms of baffles are 
used. The large, flat baffle is impractical for home use because it 
is bulky and unsightly (see Fig. 248). Formed into an open-back 
box, op&set cabinet, the baffle is more practical and may be very 
attractively designed and constructed. The design of the cabinet 
as a piece of furniture determines the size which will fit attractively 
into a living room. However, making a baffle of a cabinet reduces 
its effectiveness as a baffle. When the radio chassis is mounted in 
this type of cabinet, the resonance is usually worse for the bass 
tones and causes the set to sound “boomy.” 

What are closed -cabinet baffles? The cabinet may have the 
back closed to form an infinite baffle. The inside of this type of 
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cabinet is lined with an insulating material to provent cabinet 
resonance, which would occur if the sound could bounce back and 
forth between the cabinet walls. The insulating material causes 
the back wave to be absorbed in the cabinet. 

What are bass-reflex baffles? If you arc a music lover, you 
will want a receiving set with a better tone quality than an ordi- 
nary set will provide. This can be had with a bass-reflex baffle, 



Front was* 


Flo. 250. A Ion# box with the speaker v*t against *>• * end makes a fair! \ good 
baffle. Its interior should be insulated. The front v\a\e here lias to travel far 
enough to be m phase with the baek wave 



Fig. 251. The labyrinth-tv pe baffle is built so that the baek wave has to travel 
far enough past the different baffles to reach the air in phase with the wave from 
the front of the cone. 

% 

or speaker enclosure. This baffle, shown in Fig. 249, is aclosed 
cabinet in which the speaker is mounted. It has a hole ctJmi the 
front below the speaker, so that air waves from the back of the 
cone can escape from the baffle enclosure and strengthen the front 
wave. The size of the cabinet and the size and position of the 
hole are so chosen that the interfering effects of the back wa ve are 
minimized. When properly proportioned, this type of cabinet 
produces excellent music. The radio chassis is seldom mounted 
in a bass-reflex cabinet. 
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At least three opposite sides of the interior of this baffle are 
covered with sound insulation. 

What is the labyrinth type of baffle? These baffles are made 
up of folded-back passages, which are long enough to make the 
sound waves that produce bass tones travel the correct distance 
to join the front waves in the proper phase (see Figs. 250 and 251). 

Questions 

1. How does a horn couple the air vibrations from the driver unit to the air 
in a room ? 

2. What is the purpose of a baffle? 

3. Describe several different types of speaker baffles. 

Technical Terms 

baffle — A large, fiat surface on which the speaker is mounted. Sound waves of 
lower frequencies are built up by the baffle, 
cone— A paper cone with a voice coil mounted on its small end. The motion of 
the cone produces sound waves. 

dynamic speaker - A speaker which operates on the motor principle of a moving 
coil in a magnetic field. 

electrodynamic speaker— A dynamic speaker in which an electromagnet pro- 
duces the magnetic field. 

field coil — The coil in the electrodynamic speaker through which current from 
the power supply flows to produce the magnetic field across the air gap. 
magnetic speaker — A diaphragm -type speaker, or one using a moving metal 
armature. 

output transformer — A step-down transformer connected between the last power- 
audio-amplifier tube and the voice coil of the dynamic speaker, 
permanent-magnet dynamic speaker — A dynamic speaker in which a permanent 
magnet produces the field in which the voice coil moves, 
spider — A flexible material fastened to the paper cone, which holds the voice 
coil in position in the air gap between the ease and frame, 
voice coil — A small coil mounted on the paper cone. Current from the set 
flowing through this coil causes the coil ami cone to move. 
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Every radio receiving set and every radio transmitter has a 
source of power to supply the low voltage for the filaments, or 
heaters, in eathode-tvpe tubes and the high-voltage direct -current 
B supply for the plates and screen grids of the various tubes used 
in the set. 

The simplest type of power supply is that used in portable 
receiving sets. It uses replaceable long-life dry batteries for 
both the low-voltage filament, or heater, supply and the higher 
B voltages. 

The popular table-model receiver operates directly from the 
115-volt alternating-current supply. The heater filaments of the 
several tubes in the circuit are connected in series and then are 
connected directly across the 115-volt alternating-current line. 
The direct current for the B supply is obtained by rectifying and 
filtering the 115-volt alternating current into a direct current 
of slightly lower voltage. The alternating-current direct-current 
type of set is provided with a switch so that the set can also be 
used on batteries or be connected to an alternating-current line 
of 115 volts. 

The larger sets, the console models, use tubes which operate on 
higher plate voltages so that greater output may be had. They 
use a transformer to supply the different voltages needed to oper- 
ate the set. The transformer has several secondaries. One or 
more secondaries supply the low heater voltages for the different 
tubes, and another secondary supplies high voltage alternating cur- 
rent which must be changed to a direct current for the B supply. 
This is done by the use of a rectifier tube and a filter system which 
delivers pure direct current to the set. 

Transmitters also use the latter type of power supply to furnish 
the high direct -current plate voltages needed by the special trans- 
mitter tubes. 

£90 



300 


UNDERSTANDING RADIO 


Automobile radios use still another type of power supply, which 
is a variation of the transformer type. Their filaments are sup- 
plied directly by the 6-volt storage battery. But because a trans- 
former will not operate on the pure direct current from the car 
battery, a vibrator is connected in the primary circuit to provide 
a pulsating direct current, which will operate the transformer. 
The high-voltage output is then rectified and filtered, as is done 
in the console-type set. 

Each type of power supply has some sort of voltage-distributing 
system consisting of one or more resistors which reduce the high 
B voltage from the B batteries or from the power supply unit to 
the proper value for the different tube elements. 

You will learn the following things in this chapter: 

Part 1: IIow the Vacuum Tube Rectifies an Alternating Current 
Part 2: What Parts Are Used in a Transformer-type Power Supply 
Part 3: IIow t to Ruild an Alternating-current-receiver Power Supply Using a 
Type-80 Tube 

Part 4: IIow the Transformerless Power Supply Can Be Wired 
Part 5: IIow the Vibrator Type of Power Supply Is Wired 

PART 1: HOW THE VACUUM TUBE RECTIFIES 
AN ALTERNATING CURRENT 

Experiment to Show Rectification 

The vacuum tube has many uses. You have already used it as 
a detector and as an amplifier. In both of these capacities you 
saw how it operated as a very sensitive electrical valve in which 
a few electrons on its grid controlled the flow of a strong plate 
current. 

Now study again the experiment in which you learned that elec- 
trons in a vacuum tube would flow only from filament to plate 
(see Chapter 7). In the experiment you are about to do, you will 
begin the study of another practical application of this tube char- 
acteristic, the one-way flow of electrons through the vacuum tube. 
This characteristic is called rectification . 

How to Wire the Experiment 

Step /. Use the set board and 1LE3 tube shown in Figs. 252 
and 253. 
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Step 2. Connect the tube plate to the grid by running a wire 
from the input grid post to the output plate post. 

Step J. Connect neon tube A to the output posts and neon 
tube B to the B-plus and B-minus terminals of the set board. 



L ampere 

Fig. 25*2. Connect the tube this way to show how a trkxle tube can be made to 
rectify. The glow of the neon tube shows rectification. 



Sw/tch Fuse 


Fig. 253. Connect the tube board this way to demonstrate how the triode will 
rectify. The way the neon tul>e glows shows when rectification takes place. 

Step Use the 115- volt alternating-current source in place of 
the B battery. Also, connect wires from a 1 -ampere fuse and 
switch mounted on a board to the B-plus and B-minus terminals 
of the set board. The fuse is a protection against short circuits. 
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Cavlion. Connect the wires to the set before you plug the cord 
into the 115-volt alternating-current outlet. 

Haw to Operate the Experiment 

Heat the tul>e filament by connecting the A battery. Then 
plug in the cord to the 115-volt alternating-current outlet, and 
turn on the switch. Both neon tubes should glow. 

Compare the glow of one tube with the other. Does one or do 
both plates glow? 

Why It Works 

What is the neon-tube action? The neon tube is handy to test 
for the type of current flowing in a circuit. When a neon tube is 
connected across wires carrying an alternating current, both plates 
of the tube will glow. But when a neon tube is connected across 
a circuit in which a direct current is flowing, a current flows in 
only one direction, and only one plate glows. 

In neon tube /?, which is connected across the alternating-current 
line at the B terminals on the board, both plates glow, and without 
a noticeable flicker. But in neon tube .1, which is connected across 
the output posts, only one plate of the neon tube glows, and that 
with a noticeable flicker. 

How does the neon tube show rectification? Both plates glow 
in the neon tube B connected to the wires from the 115-volt alter- 
nating-current line. This shows that the line supplies an alter- 
nating voltage and that electrons were forced first on one plate 
and then on the other. 

Then why does only one plate glow in neon tube A, which is 
connected in the plate circuit? The alternating current in the 
line drives electrons toward the plate of the vacuum tube on one 
alternation of the cycle; this makes the plate of the vacuum tube 
more negative than the filament. No current flows through the 
vacuum tube, because electrons ordinarily will not leave a cold 
metal surface such as the tube plate. 

However, on the next alternation of the alternating-current 
cycle, the current reverses and electrons are pulled off the plate 
of the vacuum tube, which then becomes more positive than the 
filament. The positive plate pulls electrons from the space charge 
around the filament, current flows through the tube, and one plate 
of the neon tube glows. 
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The flickering glow of this one plate shows that a pulsating 
direct current is flowing in the circuit of the vacuum tube. 

How can you see a wave picture of rectification? You can see 
a wave picture of what happens in this circuit by using the oscillo- 



Fig. 254. Connect the oscilloscope as shown here to see a wave picture of a 
rectified alternating current. Touch the test points to the neon-tube connections 
to show the wave shape of the rectified alternating current. 



Rectified Alternating 
Current 



Alternating Current 


Fig. 255. Wave pictures of an alternating current and of the same current after 
it lias been rectified. The rectified current flowed only one way through the tube. 


scope. Attach test points to the two Y-platc terminals of the 
oscilloscope (see Fig. 254). 

First, touch the test points to the two B terminals on the tube 
board. Adjust the scope controls so that you can sec the alter- 
nating-current sine wave like the one at the right in Fig. 255. 
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Second, move the test points to the two sides of neon tube B 
in the plate circuit. You will now see that only half the wave 
remains (see the left picture in Fig. 255). The wave will be 
either above or below the time line, depending on the way you 
hold the test points on the connections to the neon tube. 

This experiment shows you that a current of electrons can flow 
in only one direction through the vacuum tube. 

Questions 

1. Name the essential parts in a standard power-supply unit. 

2. How does the neon tube prove that the current is flowing in only one direc- 
tion through the rectifier tube? 

3. Draw wave pictures of an alternating current, a pulsating direct current, a 
steady direct current, half-wave rectification, and full-wave rectification. 

PART 2: WHAT PARTS ARE USED IN A TRANSFORMER TYPE 
POWER SUPPLY 

You have already learned the principles of the transformer, of 
the condenser, and of the rectifying action of a tube. However, 
you have yet to become acquainted with the transformer used to 
furnish power for the whole radio set and with the condensers and 
choke coils used in the filter to smooth the pulsating direct current 
from the rectifier tube into a steady, high-voltage direct current 
for the different tube plate circuits in your set. 

An excellent way to become acquainted with transformers, con- 
densers, and chokes is to obtain burned -out ones and tear them 
apart. You can then learn how they are made. 

Build or examine the set-board power-supply unit shown in 
Fig. 25(>. Note the different parts, or components, used in the 
unit. Also follow the schematic diagram in Fig. 257 to help you 
understand the circuit. 

What are the units of the circuit? This circuit has several parts, 
or divisions, each with a definite job to do. These are the voltage- 
changing unit, the rectifying unit, the filter unit, the voltage- 
distributing unit, and the supply for heater voltages. You can 
see these different divisions in the block diagram in Fig. 258 and 
learn what each of them does. Examine this block diagram, and 
compare it to the circuit shown in Fig. 257. 

Suppose you start at the power line and examine each part. 












Fig. 258. Sections of the power-supply circuit. 
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Examine a good power transformer. The schematic diagrams 
in Figs. 257 and 258 show that the alternating-current line con- 
nects to the primary of the power transformer. 

Examine a good unshielded iron-core power transformer. Some 
transformers are enclosed in a metal shield to keep the constantly 
changing magnetic field around the windings from inducing cur- 
rents in nearby wires. Such action causes an unpleasant hum to 
interfere with the signals in your earphones or loudspeaker. 




for / eciifier-iube 
filaments 

\icw ft - heavy wire) 


High - wot targe 
secondary 

( ’runny turns ~ fine wire) 


For 

he a f mg filaments 
(few turns - heavy wire ) 


Fig. 259 . Use a copy of this diagram to show n\ ire sizes, umnher of turns on each 
secondary, and output voltage as you tear up a burned-out transformer. 


How can you identify the different windings? The ends of each 
winding are brought out to metal soldering lugs; or terminals, to 
which circuit wires can be attached. Make a diagram of these 
different coils, and name each as in Fig. 259. Copy the diagram 
furnished by the manufacturer of the transformer, if it is available. 

The size of the wire in the winding is a clue to the job this 
winding does. Large wire is used when a heavy current flows in a 
winding, such as the one used to heat the tube filaments; fine wire 
is used in the high-voltage secondary, in which a small current 
flows. Many turns are used in high-voltage windings; few turns 
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are used in low-voltage windings. Flexible insulated wires are 
brought out from the ends of the high-voltage winding and its 
center to the soldering lugs. The heavy wire of the low-voltage 
windings is connected directly to the lugs. 

Test each winding with an ohmmeter. You can also tell some- 
thing about each winding by measuring its resistance with an ohm- 
meter. First identify the high-voltage secondary. It will have 
the smallest wire, the greatest number of turns, and, therefore the 

highest resistance. Write the 
value of its resistance on your 
diagram. 

The primary winding will 
have medium resistance. The 
filament windings, which are 
wound with few turns of heavy 
wire, will have the lowest resist- 
ance. Look up in the Radio- 
tube Characteristics Charts the 
amount of current used by the 
rectifier-tube filament. It is 2 
amperes for either the type- 
80 M or t # vpe-5Y3GT tube. 
Relatively large wire, such as 
No. 17, is needed to carry this 
much current without heating. 
The other filament winding 
must supply the filament-heat- 
ing current for all the tubes in 
the set with which the power- 
supply unit will be used. If, for instance, your set uses two ()F(> 
audio-power-amplifier tubes, the filament-heating current will be 
0.7 and 0.7, or 1.4, amperes. Number 17 wire could be used for 
such a winding. 

Tear up burned-out power transformer. Obtain several ques- 
tionable or burned -out power transformers and test them to find 
out which windings are defective. Any winding may burn out 
when too much current flows through it. The winding heats up, 
the insulation burns off, and the wires touch each other. More 
current then flows, and the heat rapidly increases until the wires 
burn in two or the fuse blows out. 




How +he lominat/ons , 1 

ore stacked » \ 

Fig. 260. Here are two laminations 
punched out of special transformer iron 
used for the transformer core. Note the 
way they are stacked. 
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Thus the test of a defective winding may show either a short 
circuit or an open circuit. The winding has almost no resistance 
if the wires touch each other or are shorted. Jt has infinite resist- 
ance if the wires are burned in two and the winding is open. 

Remove and examine the core. Pry apart two of the thin outer 
steel sheets of the core. Pull out a few of these sheets with pliers, 
and the rest will come out easily. Note the shape of the lamina- 
tions and the way they are stacked together (see Fig. 200). One 
sheet of the core is a lamination. 



Fig. 201. Much of the magnet ism is lost at the ends of an open-core type of 
transformer. 
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Fig. 202. In this closed core transformer, little magnetism is lost because there, 
is a complete path for the magnetism through and around the windings. 


Why laminations are used. The power transformer changes 
both the voltage and current from the power line to values that 
can be used in your radio set. It transfers much more power than 
did the air-core radio-frequency transformer that you used in your 
detector circuit. You learned when you studied meters that iron 
was a much better carrier of magnetism than air. The different 
coils of the power transformer are wound around a heavy iron core, 
so that they will operate in a very strong magnetic field. The core 
is shaped so that it has a continuous iron path which allows the 
loss of very little magnetism (see Figs. 261 and 262). 
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The core is made of thin laminations so that core losses, pro- 
duced by eddy currents, will be very small. Eddy currents arc 
induced in the iron of the core by the rapid changes of the mag- 
netic flux in it. This produces heat in the core. By making the 
core of thin metal sheets, insulated from each other by shellac or 
other compounds, the eddy currents and the heat they generate 
are kept quite small. The shape of the laminations permits easy 
stacking during assembly. Now examine the windings. 

Remove the filament windings. Take off the filament windings 
and count the number of turns on each. Also measure the wire 
size with a wire gage or a micrometer. Print the size of the wire 
and the number of turns on your diagram of the windings. 

Remove the high-voltage secondary winding. Find the total 
number of turns on the high-voltage secondary by counting the 
number of turns on the top layer and then cutting away the insu- 
lation so that you can estimate the number of layers. This wind- 
ing has more turns than any of the others. Measure the size of 
the wire. Print the wire size and the number of turns on your 
diagram. 

Remove the primary. Sometimes the primary is wound over the 
secondaries, but it generally is wound next to the core. Unwind it, 
count the turns, and measure the wire size. Record the informa- 
tion on your diagram. 

Why are step-up and step-down transformers used? A trans- 
former is an efficient device for stepping up the supply-line voltage 
to the high plate voltages that you need and for stepping down the 
voltage for a tube filament, or heater. 

The transformer can be built to have better than 95 per cent 
efficiency. The low magnetic loss of the closed core and the selec- 
tion of high-grade materials both contribute to this high efficiency. 

You can readily see the step-up and step-down action of a trans- 
former by connecting a low-voltage supply to the primary of a 
power transformer similar to the one you tore up. Use 10 volts 
on the primary so that you can measure the different output volt- 
ages of the secondary with little danger of shock. Use a step- 
down laboratory transformer to get the 10 volts for the primary. 

Measure the output voltage of each winding with a good high- 
resistance alternating-current voltmeter. You will need a 0 to 5 
alternating-current voltmeter for measuring the filament voltages 
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and a 0 to 150 alternating-current voltmeter for measuring the 
output of the high-voltage secondary. 

Make a second diagram similar to the one shown in Fig. 259, 
and write opposite each winding the voltage you measured across it . 
(You will probably be unable to measure accurately the very small 
voltages from the low- volt age secondaries, but you will at least 
observe that they are very small.) Now write below these volt- 
ages the number of turns that you counted on the windings. 

Find the tums-per-volt ratio. The turns-per-volt ratio is useful 
in studying transformers. From it you can easily design a trans- 
former for certain definite voltages when making your own set. 
You might need such a transformer for he.’ ling the filaments of 
tubes in a transmitter. You could get tlm desired voltage by 
rewinding an old power transformer. Find the turns-pcr-volt ratio 
of the primary by dividing the number of turns on the primary by 
the voltage normally connected to it. 

If the transformer that you unwound had 385 turns on its pri- 
mary and it was designed for a 115-volt supply, the ratio for the 
primary would be 385 divided by 115, or 3;^ turns per volt. 

But .suppose that you do not wish to unwind I he primary, which 
may not be burned out. It often happens that only the high-voltage 
secondary burns out and the rest of the windings may be used. 

You can find the turns-per-volt ratio for a secondary by wind- 
ing a temporary secondary of 10 turns over a primary winding. 
(This should be done on a transformer which has had the burned- 
out secondary and the low-voltage secondaries removed.) Then 
when you connect 115 volts of alternating current to the primary, 
a voltage will be induced in the temporary secondary. Measure 
this voltage. Suppose it is 5 volts. You will then know that the 
turns-per-volt ratio of the temporary secondary is 10 divided by 5, 
or two turns per volt. 

You can now remove the temporary secondary, add suitable 
insulation, and wind on the correct number of turns to get any 
desired voltage. You will find this information useful for winding 
filament-heating transformers to use in transmitters or for special 
experiments you may want to perform. 

How is this ratio used? If you know the number of turns on 
the high-voltage secondary of a transformer, you can work out the 
voltage that the transformer will deliver once you know the pri- 
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mary voltage and the number of primary turns. Or if you know 
the secondary voltage that is needed, you can wind the proper 
number of turns on the secondary. 

In a transformer the secondary voltage equals approximately 
the primary voltage times the turns ratio. So a turns ratio of 3 
means that with 115 volts on the primary, the output voltage 
across the two secondary windings will be about 350 volts. (In 
the power-supply circuit in Fig. 257 you will find that each second- 
ary delivers voltage to one of the two plates of the rectifier tube.) 

Small wire is used on the high-voltage secondary winding, 
because little current flows in this winding. 

Rule. When you step up the voltage , you step down the current . 

While you cannot measure accurately the voltage across the 
low- voltage secondaries with 10 volts on the primary, you will find 
that in practice the step-down ratio still holds true. With 115 
volts on the primary, you should have about 18 turns of wire on 
the 6.3-volt filament winding. Check this number with the num- 
ber in the table you made when you tore up the old transformer. 

On the low-voltage secondaries the wire is large and there are 
but few turns in the winding. Here the voltage has been stepped 
down while the current has been stepped up, thus requiring wire of 
larger diameter to carry the increased current. 

Rule. When you step down the voltage , you step up the current. 

Questions 

1. How can you tell when a coil in the transformer is burned out? 

2. State several ways to distinguish the primary of coils used in radio circuits 
from the secondary. 

3. Why are transformer cores made lip of flat plates? 

4 . Define magnetic flux. 

6. The primary of a transformer is connected to a 115- volt line. This primary 
has 100 turns. How many turns would you put on a secondary which is con- 
nected to the filaments of two 0F0 power tubes that are connected in parallel? 

6. How many turns would you put on a secondary which has to deliver 180 
volts? What size of wire would you use if this coil drew 1 ampere? 

Examine the rectifier tube. The tubes used to change the high- 
voltage alternating current into a pulsating direct current are 
generally full-wave rectifiers. They are designed to handle about 
350 volts from plate to filament and from 70 to 125 milliamperes of 
current. They are built in either glass or metal envelopes. 
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One of the tubes used for this purpose is the type 80, which is a 
glass tube with a four-prong base. In it are two plates and two 
filaments. 

Other types of rectifier tubes are similar in construction and 
have octal bases. Examples of these tubes are the 5Yfl, the 5Y4, 
and the (>X5. All have the octal base, but the elements are 
brought out to different connections. 

These rectifier tubes have heavy filaments made of wide, flat 
wire that is oxide coated to give good electron emission. The 
plates are large and are blackened to improve heat radiation. 
These tubes run hot and so are installed in a set at a point where 
this heat can be radiated safely. 

Later in this chapter you will read the detailed description of 
how a rectifier tube is used to rectify the alternating current in a 
power supply. 

What condensers are used in the power-supply filter? The 

condensers used in the power-supply filter must have a large 
capacity because of the low frequency of the pulsating direct 
current (120 pulses per second) flowing in and out of them. They 
are normally of 2, 4, or 8 microfarads capacity. 

The electrolytic condenser is used in low-voltage power supplies 
because of its high capacity and relatively small size. An electro- 
lytic condenser consists of two thin aluminum sheets separated by 
gauze soaked with a chemical called the ehrlrohjlc , which forms a 
microscopically thin dielectric film on one aluminum sheet. The 
film is a good insulator and, because it is so thin, gives the con- 
denser high capacity with plates of relatively small area. 

Examine an electrolytic filter condenser. Examine a burned- 
out electrolytic condenser. Note first that the connections to it 
are marked plus and minus. Electrolytic condensers must be con- 
nected correctly in the circuit. If reversed, they will burn out. 
Note the type of container in which the condenser is enclosed. 
Tear it up and examine the metal and the dielectric. 

Why it works? The aluminum plate on which the dielectric 
film is formed is the positive plate. The negative terminal is 
connected to the other plate. This type of condenser will only 
operate on a pulsating direct current. The dielectric film pre- 
vents current from flowing in one direction, but a current can flow 
in the other direction through the film. However, if a current is 
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allowed to flow in this direction, it soon develops heat and ruins 
the condenser. Excessive voltage will also destroy the condenser, 
for it may puncture the film. 

Connect several of these condensers in series, and charge them 
by momentarily touching the ends of the wires to the high-voltage 
taps on the power supply. Now discharge them by touching the 
wires together. Observe the size of the spark that you get from 
the series connection. Now connect the condensers in parallel, 
and again charge them from the power supply. Then discharge 
them as before. Observe that the spark is now much larger, 
because the capacity of condensers when connected in parallel is 
much greater than their capacity when connected in series. 

In selecting a condenser, consider its working voltage. Almost 
every condenser has marked on the case its working voltage and 
its capacity (in microfarads). The working voltage is the same 
as that measured by a meter. It is 0.707 (two) of the highest, 
or peak, voltage of the alternating current or of the peak of the 
rectified current. 

It pays to use a condenser that has a higher working voltage 
than your power supply will deliver, because this gives you a 
margin of safety. You will be less apt to burn out such con- 
densers during experiments with your different sets. 

Voltage surges cause burnouts. These surges may occur while 
the rectifier tube is warming up, or perhaps during an experiment 
as a result of an accidental short circuit. The resulting rushes of 
current set up excessive voltage surges which may burn out the 
condenser. A condenser with a higher working voltage will stand 
these temporary surges safely. 

Compare peak voltage and effective voltage. The sine wave of 
an alternating voltage in Fig. 2(33 shows both the peak voltage and 
the effective voltage. Note that the line drawn through the sine 
curve, t^o cfo» or approximately of its total height, is the effective 
voltage . This is the voltage that is indicated on a voltmeter. The 
alternating current reaches a higher peak value than this, but it 
remains at this peak for only a moment, so that the effect on the 
equipment in the circuit is the same as if a lower steady voltage 
were at work. Meters read the effective voltage, but it is the peak 
voltage that burns out the condenser. An example will make this 
clear. 
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When you use an alternating-current meter to measure t lie 
alternating-current voltage across the primary of the power trans- 
former and find it to he 70 volts, you are measuring the effective 
voltage. A special peak voltmeter would show that the peak volt- 
age is 100 when the effective, or working, voltage is 70. 

How is peak voltage found when you know working voltage? 

You know that 350 is approximately i 7 ( > of peak voltage, and so 

Pouk 

J vo/taefp 

! 

LOO 
I 
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Fui. 2G3. You have two voltages to deal with when handling filter condensers. 
One is the peak voltage which burns out a condenser unless you allow for it. 
The effective voltage is that \oltage measured hy the meter. Your condensers 
must Ik- rated for the |>eak voltage. 

to find t lie peak voltage, which would he ] , use the following 
process: 

Step 1. Find Vo °f the peak voltage. 

Since 

7_ 

10 

Therefore, 

J_ 

10 

Step 8. Then multiply 50, or Vo' of peak voltage, by 10. 

50 X 10 = 500 

Therefore, the approximate peak voltage is 500. You can find 
the accurate peak voltage by using /o°o 7 o in place of Vj>. 

If the alternating-current output across the high-voltage second- 
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ary of your power transformer is 350 volts, you must mulliply this 
number by -VW** or 1.41, to find the peak voltage. 

Effective volts X 1.41 = peak voltage 

350 X 1.41 = 493.50, peak voltage 


Select a condenser with a working voltage of 600 volts to be 
safely used in this circuit. 

Examine a choke coil. Tear apart a burned-out choke coil to 
learn how it is made. The choke coil has one winding on an iron 
core. Like the power transformer, the choke coil may be enclosed 
in a sheet-steel shell to protect the windings and to reduce stray 
fields. 


Note that there is a narrow air gap left in the core. This air 
gap prevents the core from becoming saturated with magnetic flux 



) 

Insulating tube ' 


Fig. 204. This cross section shows 
the construction of the bleeder 
resistor. 


and consequently losing part of 
its choking action. 

The size of the wire depends on 
the amount of current the choke 
must carry. 

The choke-coil theory was ex- 
plained in Part 4 of Chapter 10. 

How are the bleeder resistors 
made and used? The type of 
bleeder used in this laboratory 


power supply is seldom used in the later models of radio sets. But 


since it is found in some form in all radio equipment, it will be 


described here. 


The bleeder resistor has a fine resistance wire wound on a por- 
celain tube. The wire and tube are covered by a burned-on glaze 
that holds the wire and the connection lugs in place and protects 
the wires from breakage (see Fig. 264). 

This type of insulator will stand much current and heat. It 
heats up in operation, and so it is mounted on the set where air 
movement can carry away the heat. Taps placed along this 
resistor allow different plate and screen voltages to be obtained 
for the tubes in your set. 

Most of the recent sets use individual resistors at each tube 


socket to give the desired voltage. Such resistors are made of 
compressed graphite or, occasionally, are wire-wound. The size, 
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length, and diameter of the former type, as well as the amount of 
inert material in the graphite, determine its working resistance. 

Now assemble these parts into a complete power-supply unit. 

Questions 

1. Docs an electrolytic condenser work satisfactorily on an alternating current ? 

2. Define effective voltage . 

3. Why is it necessary to consider i>eak voltage when selecting a condenser? 

4. What is the difference in the construction of a choke coil and a transformer? 

PART 3: HOW TO BUILD AN ALTERNATING-CURRENT- RECEIVER 
POWER SUPPLY USING A TYPE-BO TUBE 

How to Build the Power Supply 

The Power Transformer. Use a heavy-duty power transformer 
with a high-voltage secondary capable of delivering 350 volts on 
each side of the center tap and 125 milliamperes of current. There 
should also be a secondary delivering 5 volts for the heater of the 
type-80 tube and another delivering G.3 volts for the filaments of 
the detector and amplifier tubes. 

Be sure that you purchase a power transformer capable of sup- 
plying the filament and plate currents required by the tubes that 
you will be using in your set. 

The Rectifier Tithe. Use a type-80 rectifier tube. Place a four- 
prong socket in the position shown in Fig. 250 (page 305). The 
method you use in mounting the different parts on the board will 
depend on the parts which you use. 

Condensers*. Use three dry electrolytic condensers, one of 
4 microfarads capacity and two of 8 microfarads capacity, each 
with a working voltage of at least 000 volts. Condensers with 
lower voltage ratings will burn out too quickly. 

The Choke Coils. Use two 30-henry choke coils. The choke coils 
must carry 125 milliamperes of current. Remember that you may 
want to put more tubes on the power supply than normally, so 
get a choke that is large enough to carry the heaviest current you 
may use. 

The Bleeder Resistor. A power supply to be used for experi- 
mental work should have several high-voltage direct-current ter- 
minals. If several fixed direct-current voltages are needed, the 
bleeder may be a 25-watt tapped fixed resistor of 25,000 to 50,000 
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Weatinghouse Electric Corporation 

Big Broadcasting Tubes 

Four 50,000-watt tubes used in radio broadcasting Two of these big air-cooled 
tubes at this radio station are spares By simply pushing a button the operator 
can put them into service without the removal of the defective tube or the 
interruption of transmission 


ohms resistance, connected across the output of the filters. If no 
bleeder resistor is used, the filter condensers are apt to burn out 
when no load is connected to the power supply. 

Arrangement of the Parts . Arrange the parts for the experi- 
mental power supply as shown in Fig. 256, breadboard style; but 
if the power supply is for use in a set, mount the parts on a metal 
chassis in any convenient fashion. 
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How to Wire the Circuit 

Figure 257 (page 305) shows the wiring of the various parts of 
this power-supply unit. Wires from the ends of the high-voltage 
secondary to the plates of the type-80 tube must he well insulated. 
They have about 700 volts among them. Connect an off-and-on 
switch in the negative lead to the filter. 

Questions 

1. How many condensers should he used in the power supply? 

2. What size of condensers should be used? 

3. Should the filter condensers he rated to withstand the output voltage or the 
transformer voltage of the power supply? 

4. How many choke coils should he used ? 

6. How many milliamperes of current should the wires of the choke coil he 
able to carry? 

How It Works 

The power transformer. 

The 115-volt alternating cur- 
rent surging through the pri- 
mary of the power transformer 
induces an alternating voltage 
in each secondary winding (see 
Fig. 257). An alternating volt- 
age of 5 volts induced in one 
secondary heats the filaments 
of the type-80 tube, causing 
them to give off electrons. 

An alternating current of low 
voltage (6.3) induced in the 
other low-voltage secondary is 
used to heat the detector and 
amplifier-tube filaments on the 
radio set. 

An alternating voltage of 700 
volts is induced in the high- 
voltage secondary (see Fig. 257). The many thousands of turns 
of fine wire in the high-voltage secondary set up a high voltage that 
forces the electron surges back and forth through this winding. 




Via. 2(>5. Electron flow through the 
high-voltage secondary and the rectifier 
tube is shown here. 
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How does the type -80 tube rectify the alternating current? 

When the secondary draws the electrons off plate 1 of the rectifier 
tube, plate 1 becomes highly positive. Plate 1 now attracts elec- 


trons from the space charge 
around the filament, and elec- 
tron current flows from the fila- 
ment of the rectifier tube to 
plate 1 (see Fig. 265). 

At the next instant, the sec- 
ondary voltage reverses and 
draws electrons off plate 2, 
which becomes positive. Elec- 
trons now rush from the space 
charge around the filament to 
plate 2. No electrons flow to 
plate 1, which now is negative. 



Alternating Current 

Fig. 206 . This is tin* wave 
form of the direct current 
to each plate of the rectifier 
tube. 




from the secondary center-tap connec- 
tion. Note which connection is positive 
and which is negative. 


The resulting electron flow, as shown in Fig. 266, is a pulsating 
direct current. Electrons alternately flow from the space charge 
around the filament to plate 2, then to plate 1, as first one plate 
and then the other becomes positive. 

But the electrons which flow to the secondary of the power trans- 
former from the tube must have some place to go. Electrons surge 
to the receiving set from the center tap of the secondary winding, 
as shown at C, Fig. 267. This is the negative connection. Elec- 
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trons from the receiving set come back through the wire 1) to the 
rectifier-tube filament. This is the positive terminal. 

The pulsating direct current delivered by the rectifier tube and 
the secondary of the power transformer is 
shown in the w T ave picture in Fig. 2(>8. 

The output of the rectifier tube cannot 
be connected directly to the receiving set, 
because nothing would be heard but a 
terrific roar caused by the rapid changes in 
the strength of the plate voltage. 

The pulsating direct current from the 
rectifier tube must pass through a filter 
(which consists of two choke coils and 
three dry electrolytic condensers) before 
it can be used in the plate circuits of the 
receiving-set tubes. 

The purpose of the filter is to smooth out the pulsations of the 
current delivered by the rectifier tube so that a steadily flowing 
direct current will be delivered to the set. 

Questions 

1. Is the type 80 a full-wave or a half-wave rectifier? 

2. How are the two plates connected to the transformer? 

3. Why do the electrons flow only half the time to each plate? 

4. Why is the negative lead connected to the center of the* secondary coil of 
the transformer? 

5. Electrons from the receiving set return to in hat terminal in the rectifier 
tube? 

6. What is the objection to connecting the rectifier tube directly to the radio? 

What is the action of the filter? The standard connection for 
the power-supply filter is as shown in Fig. 257, with the chokes in 
the positive side of the circuit. This circuit will operate equally 
well connected as shown in Fig. 209, with the chokes in the nega- 
tive lead instead of in the positive. We will show it this way for 
ease in explanation. 

When a surge of electrons from the rectifier tube and the high- 
voltage secondary flows as shown by the arrow at A , it will meet 
the opposition of the choke A\ Since the back voltage set up by 
the choke coil K opposes the surge, the electrons will flow into 



)<k.. 2fi8. The wave form 
o' direct current from a 
full-wave rectifier looks like 
this. 
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A K L 

Fia. 209. The filter circuit may be arranged this way to explain filter action. 



Fiu. 270. Filter action may be shown by the water flow through this system. 

side 1 of condenser X. As the surge overcomes the opposition of 
the choke coil, the current flow starts through the coil. When 
this surge dies down, the fly-wheel action of the choke coil tries 
to keep the current flowing, but there is no current remaining in 
this surge of electrons. 
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Now the electrons in side 1 of the condenser flow out and through 
the choke coil. The result of the action of the condenser and the 
coil on the first surge of electrons is to reduce the strength of the 
current somewhat but to deliver a more even flow. This action 
repeats in condenser Y and choke coil L, which even the flow fur- 
ther and reduce the pulsation. Any remaining pulsations aie 
killed by the action of condenser Z 9 leaving a steady flow of 
direct current. 

Electron Flow May Be Compared to Water Flow 

Electrons surging through the filter act like a flow of water. In 
Fig. 270 is shown a reservoir li from which water flows in surges 
into the system of glass tubing. T wo flexible dams through which 
there is a small opening are in the glass tube at K and L . These 
represent the choke coils, which hinder current surges but tend to 
allow the current to flow as soon as it starts. The three large bulbs 
at X , J\ and Z represent the condensers. They aet as storage 
space. 

When a surge of water from the reservoir at R flows into the 
main pipe at A , the dam at K opposes its flow. This stops the 
surge, and so the water, which is retarded in its flow through 
the system, flows into bulb X until it can force its way through 
the dam at K . 

Questions 

1. Why should the choke coils have a higher current rating than that which 
the power supply usually delivers? 

2. Does it make any difference in which direction the current flows through an 
electrolytic condenser ? 

The Voltage Divider or Bleeder Resistor 

Use the potentiometer to show the principle of the voltage 
divider. Connect a 50,000-ohm potentiometer, or volume con- 
trol, across the 45- volt B battery (see Fig. 271). Connect a 
direct-current 0 to 50 voltmeter and two test points to read the 
drop in voltage across the ends of the potentiometer resistance ele- 
ment, A and E. When you set the moving contact at B 9 you will 
find only a fourth of the drop in voltage that you find when you 
set the contact at E . This gives the voltage drop between A 
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and E. Move llu* contact along the resistance to find the drop in 
voltage between different points on the resistor. 

How can the voltage divider be used to obtain different B volt- 
ages? A voltage divider, or bleeder, is a high-wattage resistor 
connected across the output of the power supply. By connecting 
to points, or taps, along the resistor, the approximate voltage 



Fig. 271. A potentiometer, or volume control, can Ik- list'd to show the principle 
of the voltage divider. 

needed for each B connection can be had. Another method of 
getting different B voltages is to use several small resistors in series. 


PART 4: HOW THE TRANSFORMERLESS POWER SUPPLY CAN BE WIRED 

Small, personal radio sets have become very popular. Their 
low cost and small size made necessary changes in circuit design 
that would permit a saving in material and parts. One of the 
important savings was made by eliminating the transformer in the 
I lower supply. This was done by selecting tubes that could oper- 
ate on a plate voltage of around 100 volts and some tubes that 
had high-voltage filaments. The low plate voltage eliminated the 
need for the high-voltage power transformer. 

The filaments were connected in series. In the sets you have 
studied, the tube filaments were connected in parallel, as shown in 
Fig. 272. All the tube filaments used in a •parallel circuit must 
operate at the same voltage. (All parts of a parallel circuit receive 
the same voltage.) 

In a series circuit , however, each tube filament can operate on a 
different voltage, but the same current flows through each. Thus 
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you can select a rectifier tube with a 25-volt filament, five tubes 
with 12-volt filaments, and a power tube with a 35-volt filament, 
so long as all have the same current rating (see Fig. 273). The 
total voltage required by these tubes equals the line voltage, and 
so the filaments can be connected directly to the line. 

25 + 12 + 12 + 12 -f 12 + 12 + 35 = 120 volts 
'I'll is is near enough to 115 volts to cause no trouble. 


■^> 

O 

O 
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Fig. 272. The filaments in the sets you have been studying have all l>een con- 
lieeted in parallel as shown in the partial eireuit shown here. 


The transformerless power supply also is used in test instru- 
ments, in power supplies for photoelectric (photo-electric) cells, 
and in small transmitters. 

What tubes are used in the rectifier and filter part of the circuit? 

The transformerless power supply uses a rectifier tube to change 
the alternating current into a pulsating direct current, a filter to 
smooth out the voltage variations, and resistors for voltage dis- 
tribution (see Fig. 274). 

What types of rectifier tubes are used? Most of the rectifier 
tubes used in the transformerless circuits, such as thell7Z6, the 
25Z5, the 25Z3, the 35Z3, and the 35Z5, are cathode-type full- 
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wave rectifiers. These tubes have either glass or metal envelopes 
and have different types of bases. Some have the seven-prong 
base, some the six-prong base, and others the octal base. 

Caution . Most power supplies are relatively safe to work with, 
because while they deliver relatively high voltages, the current 
through them is low enough so that an incidental shock is harmless 


12 volts 12 volts 12 volts 12 volts 12 volts 25 volts 35 volts 

Q_Q_Q_Q_Q_Q 

115 volts 

a C • 

Fig. 273. But you can connect the filaments in series as shown here if the 
voltages required by each filament add up to the line voltage. 




Fig. 274. The transformerless power supply rectifies the line voltage without a 
transformer to step up the voltage. Tubes are used in the set which require about 
00 volts on the plate. The rectifier tube filament uses a high voltage. 


to the average person. But in the transformerless power supply, 
connected directly to the line, dangerous quantities of current can 
flow through the circuit. Unusual care should be taken in handling 
a circuit with such a power supply, with the knowledge that shocks 
from it can be dangerous. 

What capacity should the filter condensers have? The filter 
condensers have high capacity, of about 20 microfarads. They 
should be rated at about 150 volts because of the lower voltage 
from the power rectifier tube. 
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How it works. This power supply operates the same as the 
transformer type except that there is no voltage step-up ahead of 
the power rectifier tube. The line voltage is used. 



115 vo/ts ac 

Fig. 275. The ballast tube makes up the difference *n voltage between the sum 
of the tubes in the set and the line voltage. 


Note that the filament of the rectifier tube is connected in series 
with the other tube filaments in the set. Note also that this string 
of filaments is connected directly across the 11 5- volt alternating- 
current line. When the voltage re- 
quired by the tubes adds up to less 
than the line voltage, either a resistor 
is placed in series with the filaments 
(see Fig. 275) or a ballast tube is built 
into the set. The ballast tube is a 
resistor built inside a glass or metal 
tube. 

How does the rectifier tube work? 

The two cathodes are connected to- Fig. 276. The two cathodes 
gether in series (see Fig. 276). The and the two plates are con- 

current of electrons flows from the necto<1 l<, « cth, ' r in I mralll “ 1 so 

. 11 ..! i . i i that more current will flow 

cathodes to the plates when one cycle . Al ..« . . 

. 1 n . i through the rectifier tube, 

of the alternating current pulls m that 

direction. No current flows when the alternating current reverses 
and electrons are forced onto the plate. This is a half-wave rectifier. 

How does the filter circuit operate? There are only 60 surges 
of electrons per second in this circuit, instead of the 120 in the 
full-wave rectifier you have studied. This happens because the 
surges flow through the tube in one direction and are stopped when 
they try to flow in the other. 
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To filter the 60-cycle current, you will need larger condensers 
and a larger filter choke. Less filter is needed than on larger sets, 
because in the small sets with few tubes the amplification is not 
high enough to need such complete filtering. 

Practical notes. The resistance in series with the filaments may 
be in the line cord to keep the heat outside of the set, or it may be 
a ballast tube in the set, as shown in Figs. 274 or 275. 

A 0.10-microfarad fixed condenser is sometimes connected from 
one side of the primary wire to by-pass out any radio-frequency 
surges picked up by the power line (see Fig. 274). Such surges 
may be caused by turning on or off lights, motors, etc. 

In most sets the B-negative part of the circuit is connected to 
the chassis. Such a connection can be dangerous, because if you 
were to touch the metal chassis and a piece of grounded metal, 
such as a wall-switch plate, a radiator, or a faucet, you would get 
a severe shock. These sets are built so that the metal parts are 
covered and protected by the cabinet. 

PART 5: HOW THE VIBRATOR TYPE OF POWER SUPPLY IS WIRED 

If you want to take a small portable receiver or transmitter on a 
camping trip, you must have a group of B batteries, a small motor 
generator, or the vibrator type of power supply to furnish the B 
power for the tubes. 

The vibrator type of power supply is the modern version of the 
old model T spark coil, which is a transformer that operates on 
an interrupted direct current in the primary and delivers a high 
alternating voltage from its secondary. The alternating current 
is rectified either by a power tube or a synchronous vibrator (see 
Fig. 277). 

Examine a vibrator. Tear open a discarded vibrator. Note 
that it is enclosed in a heavy metal shell which is often lined with 
rubber or other material to deaden the buzzing sound of the vibra- 
tor reed (see Fig. 278). 

The supporting frame is a piece of heavy strip metal. A small 
vibrator coil is mounted above the reed. The thin metal-spring 
reed is mounted on insulating supports. It has a piece of iron on 
the end near the magnet. Two arms carrying contacts are set on 
either side of the reed. A double contact is mounted on the reed 
opposite the fixed contacts. When at rest, the reed touches one 
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Fig. 477. Examine the parts of the vibrator-type power supply. 
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contact. The base is fitted with contact prongs similar to those 
on a tube base. 

Why it works. The direct current from the battery magnetizes 
the vibrator coil. This pulls the iron on the vibrator reed and 
moves the reed away from one contact. The weight of the iron 
carries the reed far enough to touch the other contact. 

When the contact on the reed touches the other contact, the 
vibrator coil is shorted out. The coil now is no longer magnetic 
and the reed returns to its first position, where the circuit is again 
made, and the cycle repeats itself. 



lining 


Fig. 278. The vibrator is mounted on a strap- metal frame. The coil pulls on 
the metal on the end of the sping reed, moves it, and makes and breaks the con- 
tacts. The cover deadens the buzzing of the reed as it operates. 

Contacts make and break primary current. When the current 
was first turned on, it flowed through the transformer primary. 
The magnetic field around the primary began to grow. This 
induced a high voltage in the secondary. 

However, when the current in the primary died out because the 
vibrator contacts were separated, a voltage in the reverse direction 
was induced in the secondary. 

At this instant the other contacts touched, and a voltage was 
induced by the other half of the primary in the secondary. This 
second induced voltage helped the first. 

What is the action of the rectifier tube and filter? The tube is 
a full-wave cathode-type rectifier, which operates in the same way 
as the type (>X5G described earlier in this chapter. 
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The operation of the filter circuit has also been explained. 

Questions 

1. List several characteristics of a tube which would be good for a transformer* 
less radio set. 

2. Describe a ballast tube. What is its purpose? 

3. What changes must you make in the filter circuit which is designed to 
operate on 60 surges per second instead of 140? 

4 . What type of current is applied to the primary of the vibrator type of 
power supply? What type of current comes off the secondary? 

Technical Terms 

bleeder resistor —A resistor connected across the power supply to discharge the 
condensers in the filter and to act as a load when the p< w* r supply is temporar- 
ily disconnected from the set. 

centei tap A connection made to the center of a transformer winding. Also 
a connection made to the center point of a resistor, 
components The parts used in a radio set, often called the component parts. 
filter —V combination of choke coils and condensers which changes a pulsating 
direct current into a steady, or pure, direct current, 
full-wave rectifier — A vacuum-tube rectifier which delivers a pulsating direct 
current from both loops of the alternating-current cycle, 
metal chassis A base made of heavy sheet metal on which the parts of the 
power supply are mounted. 

power pack — A unit consisting of a transformer, a rectifier, and a filter which 
supplies both low- voltage alternating current to heat filament s and high-voltage 
direct current to plate circuits, 
power supply — See power pack. 

rectifier — A vacuum tube which changes an alternating current into a pulsating 
direct current. 
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ency of the filament to heat and cool too rapidly by using a fila- 
ment wire that was very much heavier than the light filament wire 
used in the early direct-current tubes. 

The heavy filament in the early alternating-current tubes was a 
ribbon about as wide as the spade end of a toothpick (see Fig. 280). 
These early tubes used an alternating current successfully on the 
filament only because the filament was so heavy. This filament is 
heavy enough to remain at the same temperature during the time 
the alternating current is reversing. It has a high thermal inertia , 
or heat laziness; that is, it is not sensitive to quick heat changes. 
The electron surges of the GO-cycle alternating current are too 
rapid to affect the temperature of the heavy filament. 

Questions 

1. What is the effect of putting an alternating current on the filament of a 
direct-current tube? 

2. Why is it that a direct -current tube does not emit a steady stream of elec- 
trons when the filament is heated by an alternating current? 

3. What was the first successful method used to get a filament to emit a 
steady stream of electrons when it was heated by an alternating current? 

PART 2: HOW THE HEATER-CATHODE TYPE OF TUBE IS CONSTRUCTED 

A detector tube must be entirely hum-free. The filament type 
of tube still left some hum in the signals, and so another kind of 
electron source was needed that would deliver a perfectly steady 
stream of electrons. This problem was solved by separating the 
two jobs of the filament. The filament no longer was used both 
as a stove, or heater, and as an electron emitter. Its task now 
was to heat the cathode, which took over the job as electron 
emitter. The filament, inside the metal cathode, could cause 
little or no hum. 

The first alternating-current tube you will use is the 6C5. You 
can use it either in the detector or in the audio-amplifier circuit. 

How the 6C5 tube is used. The 6C5 is a general-purpose, 
three-element tube used in alternating-current sets in place of the 
1LE3 direct -current tube discussed in an earlier chapter. 

The characteristics of the 6C5 and the 1LE3 tubes are roughly 
the same. The 0C5 may be used in the 1LE3 circuits with no 
changes in B voltage. The difference in the (>C 5 circuit is that 
the B minus and the grid-return wire must be connected to the 
cathode and the alternating-current filament-heater current is sup- 
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plied by a filament transformer. The 6C5 tube has an octal base 
and must be supplied with a 6.3-volt alternating current for the 
heater. 

How it works. The filament in this tube is a tiny stove which 
heats the cathode. 

The cathode is a small metal sleeve coated with alkaline-earth 
oxides, rich in materials that give off electrons when heated (see 
Fig. 281). The cathode fits over the heater filament. There are 
several methods of fitting the filament in the cathode. In some 




Fig. 281 . The cathode is a torn; metal tube coated with earth oxides. The 
heater filament, coated with insulation, is twisted and inserted inside the cathode. 


tubes the heater filament is run through tiny holes in a ceramic, or 
porcelain-like, substance; in others the filament is twisted and sus- 
pended tightly in place. 

The hairpin filament must be insulated from the metal cathode 
sleeve. The metal sleeve shields the other tube elements from the 
alternating-current magnetic field around the filament wires. This 
prevents hum in the tube. 

How the alternating-current hum is killed. When the current 
is turned on, the filament heats quickly and acts as a stove, or 
heater, for the cathode, which is so much heavier than the fila- 
ment that it heats slowly. The temperature changes of the fila- 
ment occur as rapidly as the surges of the alternating current 
change, but they do not affect the temperature of the cathode. 



336 


UNDERSTANDING RADIO 


It is too heavy and large to heat up or cool off that fast. Its 
thermal inertia is very high. 

The hot cathode gives off a stream of electrons at a sufficiently 
steady rate so that the 6C5 tube can be used as a detector as well 
as an amplifier. The hum has been cut out by substituting the 
cathode for the filament as the source of electrons. You can watch 
the filament and cathode of the 6C5 heat up when the current is 
first turned on. You can see the effect of the high thermal inertia 
of the cathode. Notice how slowly the cathode heats to operating 
temperature. Compare the time of heating in a 1LE3 and a 
0C5 tube. 

A transformer supplies filament current. A step-down winding 
on the transformer in the power supply delivers the low-voltage 
alternating current which is used by the heaters, or filaments, of 
the different tubes in the circuit. 

Questions 

1. What is the cathode like in a 6C5 tube? 

2. What is the purpose of the cathode? 

3. Explain why it is that the cathode remains at an even temperature. 

PART 3: WHAT TUBE BASES AND TUBE SOCKETS ARE USED 

Early tubes had no bases. Tube sockets and bases from the 
very first have been a problem. A tube base and socket must be 
designed so that the tube can be plugged into a socket only in 
the right way. If the tube were plugged in incorrectly, it might 
burn out the tube filament. Many an early experimenter con- 
nected up his tube, attached the batteries, and watched $7.50 dis- 
appear in a flash because he had incorrectly connected the B battery 
to the tube filament. The early De Forest Audion tube had no 
socket. Wires from the tube elements were sealed into the glass 
envelope. These wires were connected into the circuit. 

Soon glass tubes were cemented into a base. Wires from the 
tube elements were brought out to base pins, or prongs. A pin 
on the side of the insulating base fitted into a slot in the socket. 
This was the bayonet type of base and socket. 

How are tube bases and sockets made foolproof? Even on the 
early WDll series of tubes, you find one of the prongs larger, so 
that it would be impossible to plug this tube into the socket 
incorrectly. 

The early socket was an insulating base fitted with spring con- 
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tacts and a metal shell into which the tube base was slipped. The 
tube prongs made contact with these springs. Another socket, 
the flat-wafer type, is widely used at present. In it, spring con- 
tacts are attached to a Bakelite base. Most modern sockets have 
a wiping contact between the spring and the tube-base pins. The 
wiping contact cleans itself when the tube is inserted in the socket. 

For ultrahigh frequency circuits, porcelain bases and sockets are 
a necessity, because many of the common plastics are poor insu- 
lators at the high frequencies. 



Type OJA Type 27 or 56 Type 57 Type !2 A 5 

4 p.ns 5 pins 6 pi ns 7 p/ns 

Fig. £82. These different tube symbols show the nmnt>ering system for the base 
prongs of a variety of tube types. 

The multielement tubes required more pins. When the tubes 
that are used in alternating-current circuits in other words, the 
heater-cathode type of tubes and the screen-grid and pentode 
tube were developed, more pins were needed on the tube bases. 
This brought forth the five-, six-, and seven-pin tube bases. 
Manufacturers systematized the way in which elements were con- 
nected to tube pins, so that constructors and repairmen could work 
easily with socket connections. 

How are tube-base pins numbered? Tube diagrams arc drawn 
showing the socket connections when mewed from the bottom . This 
is convenient, because set constructors and servicemen work with 
the set turned upside down so that they can work on the wiring 
which is located under the set chassis. Figure 282 shows the con- 
nections to the once-popular triode detector-amplifier tube, the 
01A. Note that the numbering starts with one of the filament 
pins and runs clockwise around the socket as seen from below. 
This system is still used. 

Four-pin tubes have two large pins connected to the filament 
(see Fig. 282). A five-pin tube has pins all the same size but 
spaced irregularly so that the tube can be plugged into the socket 
in only one way. The pin numbers are shown in Fig. 282 . Note 
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the difference between 



b Pins 


Aligning p!ug J ''Key 

Fig. 283. The octal tube 
base. Note the eight base 
pins, the aligning plug, and 
the key that allows the 
tube to be inserted into the 
socket only in the correct 
position. The pins are all 
the same size. 

when this is done, the 


the five-pin octal socket for the 6C5 and 
the six-pin octal socket for the 35Z5. See 
the Radio-tube Characteristics Charts, 
pages (568 (593. 

A six-pin tube has two large pins for 
the filament. The large filament-heater 
pin helps you find the position of the base 
when you plug in the tube (see Fig. 282 
for pin numbers). 

The seven-pin-tube base also has two 
large pins (see again Fig. 282 for pin 
numbers). 

How is the octal socket made? Many 
modern tubes commonly use the octal-type 
of base and socket (see Fig. 283). Octal 
tubes are designed with positions for eight 
pins. ( Octal means eight.) In some tubes 
all eight pins are cast into the socket; in 
others some of the pins are omitted, but 
remaining pins are placed in position to fit 



feature 



Miniature 

tube 



Numbering 
of pms 


Fig. 284. The loctal tube base. The grooved end of the aligning plug prevents 
the tube from being worked out of the socket by vibration. Note the key on the 
side of the plug. The minature tube has the wire pins cast in place in the glass 
base. 
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into the standard octal socket. The key, a raised projection that 
is cast onto the aligning plug (see Fig. 283), fits into a slot in the 
socket so that the tube can be inserted 
in only one position. 

How is the loctal socket made? The 
loetal-tubc base lias a groove around the 
end of the aligning plug. A spring in the 
socket grips this groove so that the tube 
cannot be loosened by vibration (see Fig. 

284). 

How is the tube base formed in minia- Gnd~ cop 

ture tubes? Miniature tubes have wires onstruction 



east into the glass to form a tube base 
(see Fig. 284). This construction elimi- 
nates the long wires connecting the ele- 
ments to the pins inside the tube base. 
In the high-frequency circuits especially, 
the capacity between these wires and the 
metal pins is great enough to affect the 
operation of the circuit. 

How is tip connection for the grid 
made? In some tubes connection to the 
grid is made to a grid cap on the top of 
the tube. This construction keeps the 
highly sensitive grid-connection wire 
away from the other leads to the base 
pins. Note the metal grid-wire shield in 
the tube. 

Later design eliminated the grid cap. 
Designers found a way to bring a wire 
from the grid down into the tube base 



Sh/e/ded construction 
for tube base connection 

Fig. 285. Types of control 
grid connections. Top con- 
nection: a metal shield in 
the dome of the tube pro- 
tects the grid wire from stray 
fields and from the other 
tube elements. Base con- 
nection: here the shield is 
inside of the aligning plug. 
It is connected to the 
grounding pin on the tube 
base. 


without causing trouble at moderately high frequencies inside the 


tube. A shield protects the wire from stray fields and from the 


other element leads (see Fig. 285). 


Questions 

1. Examine a commercial home radio set to find the plate currents and filament 
voltages of its tubes. Look up this information in a tube manual. 

2. Make a list of the different ways in which tubes are designed so that they 
cannot be plugged in incorrectly. 
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PART 4: HOW TO UNDERSTAND TUBE CHARACTERISTICS 

Before you can understand why a tube is best fitted for some 
particular job in a radio circuit, you must know something about 
its characteristics, such as its ability to amplify, its plate resistance 
(which affects the amount of plate current that flows), the amount 
of its plate current, and its grid-bias voltage for different circuits. 
You also will need to know the filament voltage and current for 
the tube. There are other engineering characteristics, but you 
will leave them for later study in a more advanced text. 

Engineers need terms to describe the operation of a radio tube. 
You will study terms expressing the effectiveness of the tube as an 
amplifier, describing the resistance of the vacuum to a flow of 
electrons through it, and describing accurately the tube’s action 
when definite voltages are applied to its different elements. Each 
term has a definite meaning and represents a definite quantity, 
or number, so that a radio engineer designing a set using this tube 
can plan his circuit to do specific things. 

This information is given in the Radio-tube Characteristics 
Charts, pages (>()8-()93. 

You will now learn the meaning of three of these terms — plate 
resistance , amplification factor , and mutual conductance — so that 
you can use them with a degree of understanding in your further 
study of tubes and circuits. They will be explained in a simple 
manner. 

What is plate resistance? The plate resistance of a tube repre- 
sents the opposition to the flow of alternating-current electron 
surges from the filament, or cathode, to the plate, measured when 
the grid is neutral. Plate resistance is also called plate impedance , 
because it is measured with an alternating current instead of a 
direct current. When the tube is operating with an alternating- 
current voltage on the grid, the number of electrons flowing to the 
plate changes, and this changes the internal, or plate, resistance 
of the tube. The plate resistance depends oil the size of the tube 
elements, the distance between them, and the voltage between the 
filament and plate. 

Tubes with Low Plate Resistance. The tube with low plate 
resistance has a large cathode, or filament, that can supply many 
electrons and has the plate relatively^ close to the cathode (see 
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Fig. 280). The tyj»e-2A3 tube has very low plate resistance. It 
carries from 4 0 tp 00 iiiilliainperos of plate current, and when 
used as an amplifier, it can deliver more than 3 watts of power 
to a loudspeaker. Other tubes with high plate current and low 
plate resistance are the 31, 45, 0A3, 0B4, and 71A. These tubes 
are used in power-audio-amplifier circuits. 

Tubes with High Plate Resistance. In a tube with high plate 
resistance, relatively few electrons are able to reach the plate from 
the cathode; there is a small supply of electrons, and the plate is 




Flo. 280. A tube with low plate re- Fjo. 287. A t ube with high plate re- 
sistance has the plate close to the sistanee lias the plate far from the 
cathode. cathode. 

at a greater distance from the cathode, or filament (see Fig. 287). 
Tubes with high plate resistance and low plate current include the 
1B4, 1N5, (>AC5, 0C(», 30, 58, and the 77. 

What is the amplification factor of a tube? A small voltage 
change on the grid increases or decreases the plate current as much 
as a large change in plate voltage would change the plate current. 
An example will make this clear. If you make the grid of the 
0C5 triode 1 volt more positive, this will increase the plate current 
as much as if you were to increase the plate voltage by 20 volts. 
This effect is known as amplification. The ability of the tube to 
amplify is called the amplification factor of a tube (represented by 
the Greek letter mu). The amplification factor, or mu, of this 
tube is 20. 




342 


UNDERSTANDING RADIO 


High-mu Tubes . A high-mu tube is one which has a very high 
amplification factor. An example of this is the 6AC5 tube, which 
has an amplification factor of about 125, depending on the plate 
voltage. The 6AC5 tube is so sensitive that a change of 125 volts 
is required on the plate to equal the effect that a change of 1 volt 
in the grid circuit will produce on the plate current. This type 
of tube is very sensitive when used as a detector or as a radio- 
frequency amplifier, since it is able to operate well when the grid is 
driven, or excited, by a very low voltage. 




Fig. 288 . Th<* grid wires are closely Fig. 280 . The grid wires are farther 
spaced in a high-mu tube. apart and are also farther from the grid 

in a low-mu tube. 


The high amplification factor of this tube is obtained by placing 
the grid wires very close to the cathode, with the grid wires spaced 
close together (see Fig. 288). 

Low-mu Tubes. A low-mu tube is one which produces a com- 
paratively small voltage increase but which will handle much cur- 
rent. The type-45 tube with a mu of 3.5 operates so that a 1-volt 
change on the grid produces the same change in plate current as 
will a 3.5-volt change on the plate. The grid wires are farther 
from the filament, or cathode, and are spaced farther apart (see 
Fig. 289). This is possible because more current flows through 
the tube. Low-m u tubes are generally used as po wer am p lifiers. 
The type 45 handles about 30 milliamperes of plate current with 
an amplification factor of 3.5. 
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Questions 

1. What is plate resistance? 

2. How is the type-2 A3 tube made so that it will have a low plate resistance? 

3. What types of circuits use tubes with low plate resistance? 

4 . Does the 6AC7 tube have low or high plate resistance? 

5. Explain what is meant by the amplification factor of a tube. 

6. How is a tube constructed so that it will have a high amplification factor? 


What is mutual conductance, or G m ? The term or mutual 
conductance , describes the amplifying ability of a tube better than 
the amplification factor does, because it makes allowance for both 
the plate resistance and the amplification factor. 

Mathematically it is shown this way: 


Mutual conductance — 


amplification factor 
plate resistance 


Simplified, (l rn represents the effect that a change of 1 volt on 
the grid will have on the plate current when the plate voltage is 
held the same. 

The G m of a tube is expressed in micromhos. The micromho is 
1 millionth of a mho, which is pronounced mo. The term mho is 
ohm spelled backward. It is used because ohm represents resist- 
ance to current flow, whereas mho represents conductance, or the 
ease with which current flows. 


How to Draw a Grid -voltage — Plate -current Curve 

When you set up the grid test with a neon tube (Chapter 7, 
“Principles of the Vacuum Tube”) you saw that making the grid 
more positive made the plate current stronger and that making the 
grid more negative made the plate current weaker. You also saw 
that the grid could be made negative enough to cut off the plate 
current completely, so that the neon tube ceased to glow. You 
saw these effects then, but to use the vacuum tube in detector and 
amplifier circuits, you should know just how these effects occur. 
You must know how much 1 volt on the grid will cause the plate 
current to change. 

In this experiment you will use a meter to measure the current 
values in the plate circuit as you change the grid voltage, and then 
you will draw a curve that shows how these changes occur. Such 
a curve has many uses for an engineer who is designing circuits. 
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From it he can find the best voltages and current values to use on 
a detector or amplifier tube for different operating conditions. 

How to Build and Wire the Circuit Board 

The circuit board is the same as the one used for the 1LE3 tube, 
described in Chapter 7. An octal socket is required for the 6C5 
tube. 

Note the changes in connections for the octal socket (see Fig. 
290). The cathode wire is connected to terminal 8 on the octal 
socket. Note that several terminals on this socket are unused. 



How to Operate It 

You will need a 0 to 50 direct -current high-resistance voltmeter 
for reading the grid voltage, a direct-current 0 to 250 voltmeter 
for B-voltage readings (see Figs. 290 and 291), and two direct- 
current plate-current meters of 0 to 10 and 0 to 20 milliammeters. 

Connect the 0 to 50 voltmeter to read the grid voltage, as in 
Figs. 290 and 291. See that the positive side of the meter is con- 
nected to the board terminal to which the positive terminal of the 
C battery is connected, or the meter will read backward. 

Hook up the plate circuit. Connect a 0 to 250 direct-current 
voltmeter to the B-positive and B-negative binding posts to check 
the plate voltage. Connect a 0 to 20 direct-current milliammeter 
to the output posts on the set board. 
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Caution . First try a 0 to 20 direct-current iiiilliamineter to find 
the amount of current that will flow, and then replace it with a 
meter of lower range for your test. 

Connect the C, or grid-bias, battery. Connect enough dry or 
flashlight cells in series to make a 21 -volt C battery. 

Place this battery near the circuit board so that the test point 
from the grid post can be handled easily when you run the test. 

Hook up the grid circuit. Attach the wire from a test point to 
I he input post that leads to the tube socket (pin 5). ( onnect a 

wire from the input post connected to the cathode, pin S, to the 



negative end of the t\ or bias, battery. It will be necessary to 
connect this wire to the grid for the zero reading. 

Check the meters. Be sure the polarity of the connections of 
each meter is right so that the meter hand does not swing backward. 

Connect the heater and B battery. Connect the (>. 3-volt alter- 
nating-current leads from a step-down transformer or a power sup- 
ply to the heater terminals on the set board. 

Run the first test as directed in the next paragraph, with a 
22.5-volt B supply. Then run other tests with 45 volts and on up 
to 250 volts. 

Touch the wire from the B battery to the B binding posts. 
Check the reading of the plate milliammeter to see that the hand 
moves in the correct direction. If it is correct, fasten the wire to 
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the binfling post. Reverse the wires to the meter if the hand 
moves in the wrong direction. Check the B voltage with the 0 to 
250 direct-current voltmeter. The test leads from this meter are 
connected across the B-minus and B-plus terminals on the board 
as explained earlier. 


GRID VOL TS 

PLATE CURRENT m mil //amperes 
for various plate voltages 

VOLTAGE ON THE PLATE 

25 

50 

too 

150 

10.5 

20.5 

21.0 

30.0 

45.0 

9.0 

17.5 

23.0 

32.5 

40.0 

7.5 

15,0 

19.5 

28.0 

35.5 

6.0 

12.0 

16.0 

24.0 

31.0 

4.5 

9.0 

12.5 

20.0 

27.5 

3.0 

6.5 

9.5 

16.0 

22.5 

1.5 

4.0 

6.0 

12.5 

18.0 

0.0 

1.0 

4 0 

7.5 

14.0 

1.5 

0.32 

1 .50 

5.50 

12 OC 

3.0 

0.10 

0.25 

2.50 

7.00 

4.5 

— 

0.20 

1.00 

4.00 

6.0 

— 

— 

0 50 

2.00 

7.5 

— 

— 

— 

1.00 

9.0 

— 

— 

— 

0.70 

10.5 

— 

— 

— 

0.60 


Fig. 292. Data sheet. These different values of plate current were obtained 
from a test run with a GC5 tube. 


How to Run the Test 

Step 1 . Take readings with grid positive, or positive bias. 
Touch the test point to the positive post of the first C-battery 
cell. There should now be 1.5 volts on the grid. 

Read on the milliammeter the value of the current flowing in 
the plate circuit. Make a record sheet similar to the one shown 
in Fig. 292. Write this reading on the record sheet opposite 1.5 
grid voltage. See Fig. 293 for sample curves of a test in which 
the grid bias was increased in steps of 1.5 volts. 
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Now move the test point to the next C-batlery cell. Touch the 
positive post. There are now 3 volts on the grid. 

Write the reading of the milliammeter opposite 3 volts in the 
plate-milliamperes column on the record sheet. 

Take a reading for each cell added to the C battery as the test 
point is touched to its positive terminal. 

What effect does increasing the positive voltage on the grid have 
on the plate current? 

Step 2. Take readings with grid negative, or negative bias. 
Connect the wire from the cathode post on the tube socket to the 
positive terminal of the C battery. 

Touch the test point to the negative terminal of the first cell 
from the positive end of the C battery. Wntc the plate-current 
reading in the negative section on the record sheet. 

Take readings, one cell at a time, until a C voltage is reached at 
which no current flows in the plate circuit. This is the cutoff point. 

Does the plate current decrease an equal amount for every volt 
of negative bias added to the grid? 

Step 3. Take the zero reading. Touch the test point connected 
to the grid to the wire or terminal connected to the cathode and 
the B-minus terminal of the B battery. Read the milliammeter 
to get the zero grid-voltage reading. If either wire is connected 
to the C battery, or if your hands are touching either wire, the 
reading will be inaccurate. 

Step 1+. Draw the curve. Draw the base line for the grid volt- 
ages at the bottom of the graph paper (see Fig. 293). Draw the 
zero grid-voltage line as shown. Draw the plate current base line 
at the left of the graph paper. Locate the points and complete 
the curve. Repeat for several different plate voltages, such as 
22.5 volts, 45 volts, 90 volts, 180 volts, and 250 volts. 

Draw a separate curve for each plate voltage. 

Why It Works 

You allow only one voltage to change. During each test you 
kept the same plate voltage for the test. This meant that the 
pulling power of the plate did not change. 

The only voltage you allowed to change was the voltage on the 
grid. This you changed in uniform steps, adding 1.5 volts between 
each reading. 
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In this way you were able to watch the effect on the plate cur- 
rent flowing through the tube as each change of grid voltage 
occurred. You then knew that the changed grid voltage was the 
only thing which affected the plate current. 



C- BATTERY VOLTS ON THE GRID 
Fig. 293. Sample curves showing grid control of plate current for the 6C 5 tube. 

Any changes of plate or filament voltage during the test would 
have been very confusing, because you could not know definitely 
that the change in plate current was caused only by the change in 
grid voltage. 
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How does a positive grid affect the electron flow? In most 
receiving sets, the grid is kept slightly negative, but it is inter- 
esting to know what effect making the grid positive will have on 
the electrons flowing from the filament to the plate. 

When you say that the grid is positive, you mean that electrons 
on the grid have been pumped away by the C battery. The grid 
has few free electrons. But the grid is placed between the fila- 
ment and the plate in the path of the streams of electrons. 

The positive grid then will attract electrons from the filament 
and will add its pull to that of the plate. The pull of the grid is 
weak, since the C voltage is small, but it is enough to attract elec- 
trons. This adds to the speed of electrons in the space charge, so 
that more fly toward the plate. 

The fine wires of which the grid is made allow many of the elec- 
trons it attracts to fly onward and reach the plate. You know 
this is so because the reading of the plate milliammeter shows more 
current in the plate circuit as the pull of the grid is made stronger 
by the positive ( 1 battery. 

The curve in Fig. 299 shows that S milliamperes of current flowed 
through the tube with zero voltage on the grid (sec t be curve with 
100 volts on the plate). But when you make the grid 5 volts 
positive, the plate current increases to 21 milliamperes. As you 
make the grid more positive, the plate current becomes stronger. 

This part of the curve is nearly straight. A straight-line graph 
shows that each volt added to the grid increases the plate current 
by the same amount. A tube with a straight-line curve is a good 
amplifier. If the line is not straight, signals will be distorted. 

How does a negative grid affect the electron flow? When you 
change the connection of the grid circuit so that the negative side 
of the C battery is connected to the grid, electrons are pumped on 
the grid from the C battery. 

Electrons are negative charges of electricity. The electrons on 
the grid now repel the electrons from the cathode. Not as many 
electrons can reach the plate because of the repelling action of the 
electrons on the grid. 

The curve shows that as the grid becomes 5 volts negative, only 
i milliampere of current is flowing. 

What is the cutoff point? You find that when enough electrons 
are forced onto the grid by the C battery, no more electrons from 
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the filament are able to pass through the grid. The pushing-back 
action of the electrons on the grid stops them entirely. This is 
the cutoff point. The grid is negative enough to stop the plate- 
current flow. On this grid, 8 volts stopped the current flow with 
90 volts on the plate. 


Questions 

1. Why do most of the electrons fly on past the grid ? 

2. What effect will making the grid negative have upon the flow of electrons 
to the plate? 

3. What is meant by the term grid rutoff point f 

4. Define mutual conductance, dm. 

What is the effect of higher plate voltage? When you connect a 
B battery to the plate circuit so that the voltage is raised, you find 
at once that the amount of current flowing through the plate milli- 
amineter has increased. The higher voltage on the plate makes a 
stronger pull on the electrons. More electrons are swept away 
from the whirling cloud of the space charge and from the cathode. 

\ ou also find that more negative bias is needed to overcome the 
stronger plate pull and stop the electron flow. More negative 
voltage is required to cut off the flow. 

PART 6: HOW THE SCREEN-GRID TUBE IS MADE 

When the triode tube was used in the circuits of early radio- 
frequency amplifiers, the set squealed and howled badly. Pro- 
fessor Alan Hazeltine of Stevens Institute of Technology developed 
the famous neutrodyne circuit to stop this howl. He found that 
the howl was caused by feedback from the plate circuit of the 
amplifier, through the tube, into its grid circuit. The feedback, 
he found, was caused by the capacity (or condenser effect) between 
the grid and the plate inside the tube. Although this capacity 
was very small— only 8 micromicrofarads in the tubes then used — 
it was enough to feed surges back through the tube that interfered 
with those in the grid circuit and produced an unpleasant howl. 

Professor Hazeltine solved this problem by connecting a very 
small variable condenser from the grid circuit to the plate circuit, 
so that surges could be fed to the grid around the tube that would 
oppose and kill the surges fed through the tube. This was the 
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veutrodyne circuit (see Fig. 204). Though it is seldom used in 
modern receivers, you will find it in some form in many mod- 



Fig. 204. In the older neutrodyne receiver, the unwanted surges were killed or 
neutralized by surges fed hack to the grid circuit through the small variable 
condenser. This is a radio-frequency amplifier circuit. It \n ill be explained in a 
later chapter. 


ern transmitters. The action of the neutrodyne circuit will be 
explained in detail in Chapter 20, “Power Oscillators and Ampli- 
fier Circuits.” 

How does the screen-grid tube 
prevent feedback? Later, feed- 
back was prevented more simply 
by a new tube construction. A 
second grid was placed between 
the plate and the grid (now called 
the control grid), and this shielded 
the unwanted plate surges from the 
control grid. The new element 
was called the screen grid ( see Fig. 

295). In the screen-grid tube, 
surges on the plate drive electrons 
on and off the screen grid but do 
not affect the control grid. 

Note in Fig. 296 that the screen 
grid is connected to the B battery, 
or power supply, so that the surges forced on the screen have no 
effect on the grid circuit and the tendency to howl is eliminated. 



Fig. 295. Elements of the screen - 
grid tube. The added part is the 
new screen grid. In some tubes the 
.screen is also built outside of the 
plate. 
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In this tube the interelectrode (inter-electrode) capacity between 
the plate and the control grid is reduced to 0.01 imerornicrofarad 
or less. 

What are some screen -grid tubes? The 11)5, 24A, 32, 35, and 
3(> are typical screen-grid tubes. 

The 24A is the older 2.5-volt alternating-current heater type of 
tube. It has a five-pin tube base. Its connections and terminal 
numbers are shown in a tube manual. 

The pentode tube is now used in place of the screen-grid tube. 
Its added grid gives it many advantages over the older tube. 



Ki(r. The circuit of the screen-grid tube. Note the screen connection to the 

It plus is at a place where the screen is about half the voltage of the plate. 


What are remote-cutoff tubes? The (>AIT4 is a supercontroL or 
remote cutoff , pentode-type tube. Ordinary screen-grid tubes are 
stich excellent amplifiers that they bring in local signals too 
strongly, and they block the set. This means that the grids 
become so negative that the set stops playing for a time. Remote- 
cUtoff screen-grid tubes overcome this difficulty. 

The control-grid wires in a remote-cutoff tube are wound close 
together at the upper and lower ends and are spaced farther apart 
n<ar the center (see Fig. 297). The closely spaced ends allow 
electrons on the grid from a weak station to have good enough 
control of the electron stream for the set to play well. But when 
strong signals from a powerful station reach the grid, the wires 
are spaced far enough apart so that electrons can still get through 
and the set will continue to play. 
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How is the screen-grid tube used? The screen-grid tube made 
DX listening possible for the broadcast listener. Distance, abbre- 
viated by amateurs as DX, requires a sensitive receiver. While 


the older OlA tubes could be used 
criticjil and the set was hard to 
tune. Feedback inside the tube 
made the circuit howl. 

However, the screen-grid tube 
could be made so sensitive that 
DX was much easier to pick up 
on a broadcast set. 

The screen-grid tube is both a 
good amplifier and a good detec- 
tor because of its high amplifica- 
tion factor and G m . However, its 
plate resistance is high and its 
plate current small, so it is a poor 
power-amplifier tube. 

The closely spaced grid wires, 
mounted near the cathode, give 
excellent control of the electrons 
flowing to the plate. The ampli- 
fication factor, or mu, is around 
400. This is quite high when com] 
such as the lLRfi, which is about 1*1 


for DX circuits, reception was 



Regular control Super - control 

grid with even control grid with 

spare in q uneven spacing 

Fig. 2f)7. The wires of a regular con- 
trol grid are evenl\ spaced while 1 lie 
wires of the supereontrol grid are 
closer at the top and Ih>Uoiii of the 
winding. 

Close spacing at the ends of the 
supereontrol grid gives the tube good 
control of the plate current for weak 
signals. The wide spacing at the 
center of the grid allows electrons to 
get through when loud signals are 
being received. 

ared with the mu of the t nodes, 
.5, or with the (>C\5, which is 20. 


Remote-cutoff pentodes are now used in place of the screen-grid 


tube. 


PART 6: HOW THE PENTODE TUBE IS MADE 

The five-element, or pentode-type, tube retains the high sensi- 
tivity of the screen-grid tube, and, in addition, a new clement, the 
.suppressor grid , increases its efficiency. The pentode has a higher 
G m than have the triode or screen-grid tubes. When it is used in 
an audio amplifier, one less audio-amplifier stage is required, and 
the detector can be coupled directly to a pentode power tube to 
operate a loudspeaker. Also, because the amplification in each 
stage is high, the pentode may be used as a radio-frequency ampli- 
fier. A one-stage amplifier using a pentode has an output equal 
to several amplifier stages using triodes. 
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What are the characteristics of the pentode? The pentode tube, 
used for a voltage amplifier, has low plate current and high ampli- 
fication. It is a good amplifier, because small grid-voltage changes 
cause large changes in the plate current. 

Its plate current is from 1.2 to 3.5 inilliamperes with 250 volts 
on the plate. 

Typical pentodes used for radio-frequency voltage amplifiers 
or detectors are the 6 AC 7, the 6J7, the 6SK7, and 7B7. Good 



The position of the 

elements m the Symbol for 65K7 

pentode tube. 



Heater Control Screen Suppressor Plate 
and Grid Grid Grid 
Cathode 

Fig. 298. These are the different elements of the pentode tube. The sup- 
pressor grid is connected to the cathode inside the tube. 

pentode power-audio-amplifier tubes arc the 42, the GFG, and the 
7B5. 

Examine the pentode tube. Break open and examine a pentode 
tube. You find that it has a heater and cathode, a control grid, 
and a screen grid like the screen-grid tube. In addition, a sup- 
pressor grid is mounted between the screen grid and the plate (see 
Fig. 298). Its wires are more widely spaced than those of the 
screen grid or the control grid. It is sometimes connected to the 
cathode inside the tube. 
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How does the pentode work? A cathode, which may be a heavy 
filament or an indirectly heated cathode, supplies the electrons for 
the operation of this tube. When the plate is made positive by 
the B battery, it attacts electrons from the space charge surround- 
ing the cathode, causing a current of electrons to flow through the 
tube. 

Electrons, pulled toward the positive plate, are speeded up by 
the grid pull when the control grid is less negative. The negative 
grid slows up the electrons. The control grid, wound wit li closely 
spaced wires, is placed near the cathode. The close spacing of the 
grid wires gives great voltage amplification. 

The plate in this tube is so far from the cathode that some of 
the electrons lose speed and never reach th<* plate. The screen 
grid, which is next to the control grid, is made positive by the 
B battery and pulls on the slowing-up electrons. The screen grid 
operates at as high voltage as the plate in this tube. These elec- 
trons, now speeded up, flash on to the plate. 

Secondary Emission. When the electrons reach the plate, they 
are traveling so fast that they knock other electrons off the plate. 
The electrons knocked off the plate are called secondary electrons , 
and the action is known as secondary emission. These electrons 
would fly to the screen, which is positive enough to attract them, 
if the suppressor grid did not prevent this from happening. 

The Suppressor Grid. This grid, between the plate and the 
screen grid, has its wires spaced farther apart than has either the 
control grid or the screen grid. The suppressor, made negative 
by its connection to the catnode inside the tube, repels the elec- 
trons knocked off the plate and so prevents secondary emission. 
In this way, the tube will handle a heavy current for power and 
will have high amplification as well. 

What are the effects of secondary emission? Current will flow 
from the plate to the screen (secondary emission) of a screen-grid 
tube when the plate voltage becomes lower than the screen volt- 
age. This occurs only on strong signals or when the plate voltage 
is very high. The secondary electrons cut down the strength of 
plate-current changes and reduce the pow r er output of the tube. 
With secondary emission, stopped by the suppressor grid, high- 
voltage amplification is possible with a pentode tube. 
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PART 7: HOW THE BEAM POWER TUBE IS MADE 


An ideal power-amplifier tube would combine the high mu of the 
voltage amplifier with the low-mu effect of being able to handle 
much current. These desirable features seem to be realized in 
the beam power tube. 

This tube has high output, handling from about 50 to 75 milli- 
amperes of current, and a mu of 8, which is relatively high for a 
power tube. It can often be connected directly to a detector. 
This eliminates one amplifier tube and combines in itself two stages 
of effectiveness. It is also a much-used oscillator tube for low- 
powered amateur transmitters. 



Fig. 299. The arrangement of the elements in the beam power tube. Note the 
beam-forming plates. Note also that the control -grid wires and the screen-grid 
wires are in line with each other. 


What is the construction of beam power tubes? In Fig. 299 
you note that this tube has a cathode with a large area from 
which to throw off electrons. The grid, placed near the cathode, 
has good controlling power over the electron stream. 

The two beam-forming plates at the sides of the cathode are an 
unusual feature. These plates are attached to the cathode to 
make them negative. Another feature is the winding of the 
screen-grid wires so that each is directly in line with the wires of 
the control grid. 

This tube is made either in glass or in metal envelopes. 

Examine the schematic diagram of the base connections of a 
typical beam power tube. Figure 299 shows the schematic dia- 
gram for the 6L6 tube and the connections from the elements to 
the pins of its octal base. There are many other forms of beam 
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power tubes in the different 
follows: 

tube series. 

Some of them are as 

6AC5 

6V6 

25L(> 

6AN5 

7C5 

:t5L<> 

6BK5 

(>L(5 

5<)L(> 

How does the beam power 

tube work? 

The electrons thrown 


off by the cathode are drawn toward the positive plate. The large 
quantity of electrons is concentrated 
into a narrowed beam, as shown in 
Fig. 300, by the repelling action of 
the negative beam-forming plates. 

As the electrons stream away from 
the cathode, the screen-grid wires, 
which arc directly in line with the 
cathode wires, receive few electrons, 
because the electrons miss the screen- 
grid wires. The screen grid, with the 
same positive charge as the plate, 
adds its pull to the plate pull, and 
much current flows through the tube. 

The screen current is very low, be- 
cause the electrons that normally 
were picked up by the positive screen 
in other pentodes now fly on past to the plate. This tube has high 
efficiency and high power output. 

Questions 

1. In the pentode till** discuss the action of : 

а. The control grid, and state also the source of electricity for this grid. 

б. The screen grid, and state also the source of electricity and charge on it. 

c. The suppressor grid, and state also the source of electricity and charge. 

2. What is secondary emission, and what causes it ? 

3. Why is the control grid unevenly spaced on supercontrol tubes? 

4. Name and state the purpose of each part in a beam power tube. 

Technical Terms 

amplification — The ability of small grid-voltage changes to make changes in the 
plate current as great as those which would be caused by large changes of 
plate voltage. 




CG SG P 



Top View Side \ /few of 
half the tube 

Fig. 300. How the beam is 
formed. The top view shows 
how the beam-forming plates, 
which are negatively charged, 
force the electron stream into a 
narrow beam. The side view 
shows how T the wires of the con 
trol grid deflect the electron 
stream past the screen-grid wires. 
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amplification factor — An engineering term for a number which is found by 
dividing a change in plate voltage by a change in grid voltage, with the plate 
current remaining the same. 

cathode — The coated metal sleeve which, when heated by the heater filament, 
throws off electrons. The filament in this tube is only a heater element, while 
the cathode is the electron supplier. 

DX — The amateur abbreviation for distance; DX reception means long-distance 
reception. 

G m — The symbol for mutual conductance. 

key — The projection on the aligning plug which fits into the socket, so that the 
tube can be inserted only in the correct way. 
loctal — A type of tube and socket arranged with a groove and spring which grip 
the plug and hold the tube in the socket, so that vibration will not loosen the 
tube. 

mho — The word ohm spelled backward. The mho is the symbol for conductance, 
or the ease with which a current flows through a resistance, 
mu — The Greek letter used as a symbol for amplification factor, 
mutual conductance — A term used to describe the amplifying ability of a tube. 

Mutual conductance equals amplification factor divided by plate resistance, 
octal — A word meaning eight. An octal tube has an eight -pin base and socket, 
plate resistance — The opposition to the flow of current between cathode, or 
filament, and plate. 

screen grid — A second grid, between the control grid and the plate, 
secondary emission — Electrons dislodged from the plate by speeding electrons 
from the cathode. Secondary emission is often produced by excessive plate 
voltage. 

suppressor grid — A third grid, placed between the screen grid and plate in a 
pentode tube. 

thermal inertia — Heat laziness. The heavy filament and the bulky cathode heat 
slowly when the set is first turned on and remain at the same heat. Their 
heat changes too slowly to be affected by the changes of the alternating current. 
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BASIC RECEIVING CIRCUITS USING 
ALTERNATING-CURRENT TUBES 


You will find many new and fascinating possibilities when you 
use the alternating-current tubes that you studied in the last chap- 
ter in receiving circuits. By selecting tubes with high amplifica- 
tion factors and increased sensitivity, you will be able to build sets 
and to assemble and operate many kinds of receivers which will 
bring in distant stations that you never received before. You can 
set u}) nearly any standard circuit you desire. You can also assem- 
ble the different basic circuits into many new combinations. 

When you study the applications of the alternating-current tube, 
you will confine yourself to the basic circuit. Then in later chap- 
ters you can try your hand at different combinations of the basic 
circuits in practical sets. 

The basic circuits using alternating-current tubes are the same 
as those using direct-current tubes, but the connections to the tube 
filaments, or heaters, are different. The alternating-current tube 
circuits use the same tuning coils and condensers that you used 
with the direct -current sets. You can use transformer coupling 
between some alternating-current tubes, but for others you must 
use resistance coupling. The B voltages and filament voltages 
required depend on the type of tube you arc using. 

Y r ou will learn the following things in this chapter: 

Part 1: How the Alt£rnating-current-tube Detector Circuit Is Different 
Part 2: How to Build a One-tube Alternating-current Detector Set, l sing the 
6C5 Tube 

Part 3: How the Alternating-current Audio Amplifier Is Built 
Part 4: How to Use the Power-audio-amplifier Circuit 
Part 5: How the Push-pull Power Audio Amplifier Is Built 
Part 6: How Power Is Transferred between Stages — Coupling 
Part 7: How the Radio-frequency Amplifier Is Built 
Part 8: How to Build a Single-control Receiver 
Part 9: The Power Detector 

Part 10: Volume -control Circuits and How They Operate 
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PART Is HOW THE ALTERNATING -CURRENT-TUBE DETECTOR 
CIRCUIT IS DIFFERENT 

The direct-current-tube detector circuit and the altemating- 
current-tube detector circuit are very similar. Figure SOI shows 
circuits for the simple direct-current detector set and for the corre- 
sponding detector set using an alternating-current tube. The 
antenna coil and the antenna-ground connections are the same. 
The receiving transformer and the tuning condenser used in the 
tuning circuits of each set are the same. The grid leaks and con- 
densers arc of the same size on both sets. 

The tube and the heater circuit. The Sochi . An octal wafer 
socket is used for the (>C5 tube. The new pin is for the cathode 
connection. There are no 4 and 6 pins on this tube. 

The Heater Circuit . The heater current is obtained from 0 
(>.3- volt step-down secondary on a power transformer. Number 
1(> wire, or larger, is used in the heater circuit, so that the voltage 
at 1 he tube socket will be of the correct value. If the heater volt- 
age is low, too few electrons are thrown off the cathode and the 
set will not operate properly. For this reason the wires from the 
filament-heating transformer to the set are kept as short as possi- 
ble not over 24 inches from the power transformer to the tube. 
The voltage drop in longer heater wires is excessive. 

The Plate Circuit. The plate circuit and the B supply are the 
same in sets using direct-current and alternating-current tubes. 

Question 

What changes are made in the circuit to convert a direct-current detector 
into an alternating-current detector? 

PART 2: HOW TO BUILD A ONE-TUBE ALTERNATING-CURRENT 
DETECTOR SET, USING THE 6C6 TUBE 

How to Build and Wire the Set 

This is the same board and circuit that was used for the 
direct-current detector set. The only new parts needed are an 
octal wafer socket and a 605 tube (see Fig. 302). The following 
are changes in the wiring from a direct-current set to the alter- 
nating-current set: 

The antenna circuit. Make no changes (see Fig. 303), 
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The grid circuit. Connect the grid return to the cathode termi- 
nal of the tube socket (pin 8). 

The cathode wire. Connect a wire from the B-negative con- 
nections to the cathode terminal on the tube-socket base (pin 8). 



Fig. 302. The hoard layout for the GC 5 grid -condenser grid-leak detector circuit. 



Fig. 303. The schematic circuit for the 0C5 detector. 


The heater circuit. Use extension cord or other rubber-insulated 
wire, not smaller than No. 16 and long enough to reach from the 
heater terminals on the tube socket to the board binding posts. 

How to Operate the Set 

Connect the antenna and ground. Connect the antenna and 
ground lead-in wires to the antenna and ground posts on the set 
board. 
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Connect to the filament transformer. Connect a short piece of 
extension cord from the 6.3-volt alternating-current posts on the 
set to the 6.3-volt terminals on the filament transformer, or power 
supply. This cord should not be over 2 feet long. 

Plug the transformer, or power supply, into an outlet to turn on 
the set. 

Connect the B battery and phones. Connect the 11-negative 
wire first. 

Connect the B-positive wire to the 45-volt tap on the B battery. 
Also try higher plate voltages. 

Connect the earphones, and the set is ready to operate. 

Tune in a station. The 6C5 tube requires no change in the 
operation of the set at all. The process of tuning is the same as 
for the direct -current receiving sets. Adjust the tuning condenser 
until the desired station is heard the loudest. The tube is some- 
what more efficient than the 1LE3, and the volume should be 
better. 

Other tubes you can use. You will find the 6J5 a good detector 
tube. It may be used in the same cireuit as the 6C5 tube. The 
6C5 is also a good tube to use in audio-amplifier circuits. 

Why It Works 

The explanation of the operation of this circuit is covered in 
discussions of other circuits you have studied. 

Tuning. Tuning was explained in Chapter 11. See also the 
explanation for tuning the one-tube detector set in Part 1 of 
Chapter 12. 

Cathode. The purpose of the cathode is explained in Part 2 of 
Chapter 15. See the explanation of alternating-current tubes in 
alternating-current receiving sets. 

PART S: HOW THE ALTERNATING-CURRENT AUDIO AMPLIFIER IS BUILT 

You will now learn how to change the direct -current set into an 
alternating-current amplifier using the 6C5 tube. 

The Set Wiring 

The 6C5 audio-amplifier circuit hoard is similar to the 1LE3 
audio-amplifier board and circuit. Note the changes in wiring for 
the new tube. 
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Heater wires. Run two wires to the H posts on the tube socket, 
pins 2 and 7 (see Figs. 304 and 305). 

The tube socket. Use an octal wafer socket. 

The audio transformer. The connections will be the same as 

on the direct-current board, ex- 
cept for the grid bias. A simi- 
lar transformer may be used. 

The grid bias. The bias is 
obtained by means of a resistor 
in the cathode lead. Each 
different B voltage requires a 
different resistor size for best 
results. These grid-bias volt- 
ages may be found in any 
standard tube chart. See 
Radio-tube Characteristics Charts, pages (>(>8 603. A 1000-ohm 
resistor will give fair results. 

Shunt the bias resistor with a fixed by-pass condenser of \ to 
2 microfarads capacity. When the bias resistor is shunted by a 
condenser, the set will play more loudly, and distortion will be 
reduced or eliminated. 


Audio trans- 
former 



OUTPUT 


Clvo/ts 250 
OC vo/ts 

Fiq. 304. The hoard layout for the 6C5 
audio-amplifier circuit. 



Fig. 305. The schematic circuit for the 6C5 audio amplifier. 


The plate circuit. Make no change. 

The heater circuit. Use a parallel pair of wires for the connec- 
tion from the 2 and 7 pins on the socket to the H board terminals 
(6.3 volts). 
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heater terminals on the detector and audio-amplifier set lioards. 



Fig. 307. Now connect the B-minus wire from the power supply to one board, 
then connect a B-minus wire between the two boards. • 

How to Hook Up the Amplifier 

Step 1 . Connect the detector and amplifier board together. 
Attach the antenna and ground wires to the detector board (see 
Fig. 306). Attach earphones to the amplifier. 

Run heater wires from the power-supply board to the detector 
and amplifier boards. 
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Step 2 . Attach the B-minus wire from the power-supply board 
lo both sets (see Fig. 307). 



Fig. 308. Connect a wire from the B-plus, 45- volt tap on the power supply to the 
detector. Then connect the 250- volt tap on the power supply to the amplifier 
board. 

Step 8. Run a wire from the 45-volt tap on the power supply 

to the detector B-plus post. 
Run a wire from the 250-volt 
tap to the post connected to the 
amplifier plate (see Fig. 308). 

Step Jf. Check the connec- 
tions carefully. Have the in- 
structor approve them before 
you turn on the set. Then 
turn on the power, and tune 
the set to a station. 

Step 5. Replace the ear- 
phones by a universal output 
transformer and a dynamic 
speaker (see Fig. 309). 

Change the connections on 
the secondary of the output 
transformer until you get the best music quality. 


Audio Arnphfier Universal- output 

6 Co transformer 



Fig. 309. Connect an output trans- 
former to the output of the power audio 
amplifier. This shows a universal out- 
put transformer with a tapped second- 
ary. You can try the taps and find 
which gives the best impedance match 
between the tube and the speaker. 
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Why It Works 

Grid bias prevents distortion. Any effect that changes the wave 
form of signals that reach the grid is heard in the phones or the 
speaker as distortion. It is caused by changes in the wave shape 
of the signals as they pass through the set. You will better under- 
stand how grid bias prevents distortion by first operating a set 


+ 



Fk.. 810. This is the wave shape 1 of the signal that pushes electrons on and pulls 
them off the grid. 

~ ~ Grid should go 



Fig. 311. When the grid goes positive, it collects some electrons from the space 
charge. The wave shape shows that it does not go positive enough so that the 
sound is distorted. 

without grid bias. It is then easy to hear the distortion and to 
note the improvement when the correct bias is added. 

What will happen when no negative bias is used? During 
every positive cycle, the signal pulls electrons off the grid and 
makes it slightly positive (see Fig. 310). But the positive grid 
attracts electrons from the filament. These electrons on the grid 
make it less positive than it should be in order to follow the volt- 
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age changes of the incoming signals (see Fig. 311), These extra 
electrons, collected by the grid, change the shape of the signal wave 
on the grid. As a result, the wave shape of the plate current 
changes and the sound is distorted. The music is of poor 
quality. 

You can improve the music quality by placing a negative bias 
on the grid. By negative bias , we mean a steady voltage that 
forces electrons onto the grid and keeps it negative. Then even 
the swing of a strong signal in the positive direction will make the 
grid less negative, but it will still remain negative. The negative 
grid will collect no electrons from the filament, and the music will 
be clear and undistorted. 

Why does grid bias clear the music? The tube manufacturer 
has made extensive tests to find the best operating voltages for 
tubes, and he shows these figures in the tube charts. 

The 6C5 needs a negative bias of 8 volts on the grid for a plate 
voltage of 250 volts to keep the music clear. This is shown in the 
negative-grid- volts column in the tube chart. See Selected Tube 
List, pages (>08 -(>69. 

Now suppose a radio wave from a distant station reaches the 
antenna and, as a result, the receiving set causes a signal of 3 volts 
to appear on the amplifier grid. This will make the grid alter- 
nately 3 volts positive and 3 volts negative when no bias is on 
the tube. 

But we know that the music will be distorted, because the grid 
becomes positive during part of each cycle. 

Now, if you connect the 8-volt negative bias to the grid, the 
music immediately clears up and also becomes louder. 

The wave picture in Fig. 312 shows what happened. The 8-volt 
negative bias sets a new zero operating point shown here as a 
dashed line. When the signal is 3 volts positive, the grid is only 
5 volts negative [ — 8 volt bias + (+3) volt signal = —5 volts on 
grid]. But when the signal is 3 volts negative, the grid is 11 volts 
negative [ — 8 + ( — 3) = —11]. 

The music is clear because no change occurs in the wave shape. 
It is louder because both positive and negative loops of the alter- 
nating current in the plate circuit are at full strength. 

What is the effect on the plate current? Remember that 
changes in plate current produce the sound in the speaker. A 
signal producing a 3-milliampere change in plate current produces 



If ASIC RKCK1VISO CIRCUITS CSI.VU ALTRRXATLXC-crRREXT TIRES MOD 

just as loud a sound when the steady value of plate eurrent is 
10 milliamperes as when it is 50 milliamperes. 

In the example above, you had a 0-volt change on the grid, 
3 volts negative and 3 volts positive. When the starting point 
was zero volts on the grid at no signal, you had less than a 0-volt 
change, with distortion , because enough electrons wen* attracted 
from the filament to reduce the positive swings by 0.5 volt. 'Phis 
will make the grid 2.5 volts positive and 3 volts nega’ive, which 



Fig. 312. Here a bias of 8- volts negative is placed on the grid. Now the grid 
simply goes more or less negative. It does not l>eeome positive at all. Note 
that the less negative part of the wave now has no distortion. 

produces distortion. But with the 8- volt negative bias, you had a 
full 6-volt change (negative 5 to negative 11), with no distortion. 

The plate current was weaker with the negative bias, but the 
music was equally loud, because the same change in plate current 
occurred each time. 

The cathode resistor is the source of grid bias. When you con- 
nect a 1000-ohm fixed resistor in the cathode lead (see Fig. 313), 
you get a negative voltage of 8 volts between the grid of the 6C5 
and its cathode. How does this happen? Trace the drift of elec- 
trons through the plate circuit (see Fig. 314). As they leave the 
B battery, or power supply, and reach A , they meet the hindering 
effect of the resistor, and some voltage is used as heat in forcing 
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electrons through the resistor AB. You can measure the voltage 
drop across the resistor with a high-resistance voltmeter. 

Note that the end of the resistor is connected directly to the 
grid through the secondary coil of the amplifying transformer. 
Since there is little or no flow of electrons through the coil, there 
is practically no change in voltage across the coil. Therefore, the 



Fig. SIS. When you connect a fixed resistor in the cathode lead, you get a nega- 
tive voltage on the grid. 



Fig. 314. The by-pass condenser is a good path for the electrons that are being 
pushed round by surges in the plate circuit. They can push past the grid resistor 
without affecting the voltage on the grid. 

grid is 8 volts more negative than the cathode, because of the 
8-volt drop that the plate current produces in the resistor. So we 
say the grid has an 8-volt negative bias. 

How do you calculate the grid bias? Suppose you want to find 
the resistor size that would produce the negative bias shown in 
the tube chart. You find the value of the resistor by using Ohm’s 
law. Here is the method: 

Step 1 . Find the required negative bias in the Radio-tube 
Characteristics Charts, pages 668-693, for the plate voltage you 
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expect to use. The chart for the (>C5 tube shows that this tube 
requires a bias of minus S volts for 250 volts on the plate. 

Also find the plate current that is supposed to flow when you 
have the required values of plate voltage and negative bias. The 
chart for the 6C5 tube shows that 8 milliam peres flow when the 
plate voltage is 250 and negative bias is 8 volts. 

Step 2. Use Ohm’s Law. 




basic Olim’s-law formula 
rearranged Ohm’s-law formula 


where H — the size of the resistor in ohms 

E — the bias voltage given in the tube chart 
7 = the current (in amperes) that flows through the resis- 
tor. Here it is the plate current, 8 milliampercs, or 
0.008 ampere. 

Step 3. Substitute the bias and plate current from the tube 
chart, and work out the answer. 

„ _ 8 volts 

0.008 ampere 

= s = 8 X xc k°- Q = 1000 ohms 

TWO 


What is the purpose of the by-pass condenser? Plate Current 
with, No Signal. When no signal is on the grid, there is a sternly 
plate current of 8 milliamperes. The steady voltage on the grid 
(the grid bias) keeps the electron drift through the plate circuit 
steady. 

Plate Current with a Signal. A signal makes the grid alternately 
more and less negative. When the grid is less negative, the plate 
current is stronger than when there is no signal. When the grid is 
more negative, the plate current is weaker than when there was 
no signal. 

As the plate-current strength changes, surges of electrons reach 
the resistor at A in Fig. 315. These surges also change the volt- 
age on the grid (without a by-pass condenser). These changes in 
voltage on the grid interfere with and partly cancel the surges that 
the signal causes on the grid. Only the changes in voltage due 
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to the signal should be on the grid if the resulting weakening in the 
strength of the plate-current changes is to be avoided. 

Connect a large by-pass paper condenser across the grid-bias 

resistor, as in Figs. 314 and 315, and you 
can keep these unwanted surges from 
affecting the grid. 

Now, when a surge reaches A, the 
extra voltage forces electrons on side A of 
the condenser instead of through the bias 
resistor. Electrons on side B move on to 
the cathode and through the tube (see 
Fig. 315). The only bias voltage is that 
produced by the steady portion of the 
plate current. Then when the surge dies 
down, electrons on A push out of the 
condenser without going through the 
resistor to the tube. Thus the plate- 
current surges are by-passed around the 
bias resistor, so that no alternating bias 
voltage occurs. Because the bias volt- 
age on the grid is steady, no distortion occurs and the music is 
stronger and clearer. 

PART 4: HOW TO USE THE POWER-AUDIO -AMPLIFIER CIRCUIT 

Overloading produces distortion. The 6C5 tube is overloaded 
when you try to use it as a power amplifier. Too much signal on 
the grid drives it positive, introduces distortion, and spoils the 
fidelity of the signals, just as distortion is produced when you try 
to operate without grid bias. A power-amplifier tube should be 
used. 

Audio-amplifier tubes, such as the GF6, 6V6, and 6L6 power 
tubes, deliver enough power to operate a speaker with good fidelity. 

Power tubes produce more volume. A power tube, which is 
designed to handle more current in the plate circuit than a 6C5, 
will produce much louder signals without distortion. The heavier 
plate current is needed when a dynamic speaker is used. The 6C5 
tube will handle about 8 milliamperes of current, while the 6F6 
tube (a good power tube) will handle around 30 to 35 milliamperes 
without distortion. These tubes take the place of the 1LE3 tube 



Fig. 315. When electrons 
are pushed on side A of the 
condenser, they push elec- 
trons off side B. These 
electrons from B go on 
through the tube. 
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that you used in the direct -current sets. The GFG power tube will 
handle even more current, but the quality of the signals produced 
by the CFG is not as good as that produced by the <>C5 tube. The 
(>('5 is a low-mu tube, and the GFG is a high-mu tube with consider- 
able current amplification. 

You learned, when you operated audio amplifiers in Chapter 12, 
that you could make the music louder by adding a second audio 
amplifier to drive the dynamic speaker. You will find that the 
(>(7> tube used as a power audio amplifier will increase the music 
volume, but not as efficiently as a power tube. This is because 
the (>C5 is overloaded when you try to use it as a power audio 
amplifier. Too much signal on the grid drives it positive, intro- 
duces distortion, and spoils the fidelity of the signals, just as dis- 
tortion is produced when you try to operate the tube without 
grid bias. 

How is the 6C5 used as a first audio amplifier? A better 
scheme is to use the fiC5 as a first audio amplifier. You may do 
this by coupling it between the detector and the power tube. In 
this way, the signal voltages delivered by the detector to the grid 
of the (>C5 are amplified, so that the signal voltages are much 
stronger when delivered to the grid of the power audio amplifier. 

The power tube is designed to handle larger signal voltages on 
its grid and to handle heavier plate currents, so that no distortion 
will occur because of overloading. The heavy plate current will 
drive the dynamic speaker through the output transformer much 
more effectively than will the weaker plate current of the GC5. 

Questions 

1. Electrons from the B battery have a choice at point X (Fig. 314) of flowing 
in two directions. Which path will most of them take? Give reasons for your 
answer. Explain why any will flow in the other direction. 

2. Is the grid kept slightly positive or negative in this circuit? 

3. If there is no condenser connected around the cathode resistor, where will 
the surge of electrons from the B negative try to go when the grid suddenly 
decreases the current from the cathode to the plate? 

4 . When the by-pass condenser is in the circuit, show the two possible paths 
for the electrons when the grid suddenly decreases the current from the cathode 
to the plate. 

5. Explain why the electrons choose one of these paths in preference to the 
other. 
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6. Explain why the wires carrying alternating current to the tilament are 
twisted. 

7 . Compare the advantages of a negative grid bias with a positive grid bias. 

8 . How can you obtain a negative grid bias without using a C battery? 

9. Compute the size of bias resistor to use when a tube needs 7 volts negative 
bias on the grid and carries 2.5 milliampercs of plate current. 

10. State briefly the purpose of the by-pass condenser. 


Using a Pentode Tube in the Power Audio Amplifier 

How to build and wire it. Build this amplifier on a small base 
board. Arrange the parts as shown in Fig. 316. Wire it as shown 

in the schematic diagram, Fig. 
317. Place clips, or connec- 
tions, so that you can try differ- 
ent sizes of coupling condensers 
and load resistors in the cou- 
pling circuit. Two clips also 
are provided in the cathode 
lead so that you can try differ- 
ent bias resistors and by-pass 
condensers. 

The two clips in the screen 
circuit allow you to get differ- 
ent screen voltages by means of a dropping resistor or by con- 
necting the screen circuit to a tap on the power supply. 

How to operate it. C onncct a coupling condenser of 0.01 micro- 
farad capacity and a grid resistor of 100,000 ohms to the grid- 
circuit clips. Connect a 400-ohm bias resistor and a 10-microfarad 
50-volt by-pass condenser, as shown in Fig. 316, to the clips pro- 
vided in the cathode circuit. Figure out the bias-resistor size for 
the tube you use from the bias voltage, plate current, and screen 
current shown in the tube chart. You can find the current through 
the bias resistor by adding together the plate current and the screen 
current. Connect a plate load resistor of 50,000 ohms across the 
input clips. 

After you have operated the set, experiment with different 
resistor and condenser sizes to see their effect on music quality. 
Use the same value of screen-grid voltage that you use for the 
plate voltage, that is, 250 volts on each. 



Fig. 816. This is the board layout for 
the power audio amplifier using a pen- 
tode tube. 
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How to Use the Power Audio Amplifier in a Circuit 


Step 1. Connect a 6C5 detector, a 6C5 audio preamplifier, and 
the new power amplifier, as shown in Fig. 81 S. Connect the 
antenna and ground to the detector. Connect a universal out- 



Fl(i. 317 . The schematic diagram for the power audio amplifier using a pentode 


tube. 



Power Supply 

Fig. S 18 . Here is a three-tube set which will play well. The music will be of 
reasonable quality and the volume good. 


put transformer and a dynamic speaker to the output posts of the 
power amplifier. 

Step 2. Run the heater wires from the power supply to each 
set board. Turn on the power supply to see if all the tubes heat 
up. Then turn it off (see Fig. 319). 
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Step 3. Connect together the B-minus posts of all boards. 
Run a wire from the B-minus on the power supply to the B-minus 
on any one of the three set boards (see Fig. 320). 



Fig. 319. Attach wires and test the heater-filament supply. 



/ 6. 3 vo/ts ac 
'HH B . 


J 


Zl/ 


Power Supply 
Fig. 320. Connect the B-negative wires. 


Step 4. Connect the high voltage from the power supply to the 
B-plus posts on both amplifier boards. 

Run a wire from the 250-volt post to the screen-grid post on 
the power audio amplifier. Or you can connect a wire between 
the screen and plate B-plus posts on the board (see Fig. 321). 

Step 5. Check the B-plus wiring carefully. Also have the 
instructor check it before turning on the power supply. 
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Sfcp () Turn on the power supply, tune the set to a station, 
and the set should play. 

Why It Works 

You learned the operating principles of the 6FC> pentode tube in 
Chapter 15, “Alternating-current Receiving Tubes.” The oper- 
ation of the rest of the circuit has been explained earlier in this 
chapter. 



Fig. 321. Connect the it-plus wires with the terminals having voltages shown 
and the set is ready to play. 


PART 6: HOW THE PUSH-PULL POWER AUDIO AMPLIFIER IS BUILT 

Why Push-pull Amplifiers Are Used 

The purpose of any audio amplifier is to increase the volume of 
sound produced by the set. It does this by amplifying voltages, 
thus causing plate-current changes to produce sound. But when 
you try to increase the power output of a triode power tube by 
raising the B voltage, you may overheat and damage it. You also 
overload the tube and produce distortion in the music by applying 
too large a signal voltage on the grid. 

One remedy is to use a pentode power tube. The pentode needs 
less grid voltage from the preceding audio-amplifier stage. The 
beam power tube will handle still more power. The puxh-putt cir- 
cuit, which uses two tubes, is still more efficient. With it you can 
obtain much greater power and also diminish the distortion. The 
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tubes tend to run much cooler in this type of circuit. Both tube 
and circuit design affect the operation of the amplifier. 

There are several versions of push-pull circuits, some using trans- 
former coupling, others, called phase inverters , using resistance 
coupling. The phase-inverter circuit is explained in Chapter 19, 
“Public-address Units.” 

Push-pull Power Audio Amplifier Using 6F6 Tubes 

How to wire the circuit. Mount the parts on a small board, 
as shown in Fig. 322. A special ip put transformer and an output 
push-pull transformer are needed with this circuit. Connect one 
end of the input-transformer secondary to the grid of one amplifier 



Fig. 322. Lay out the parts for the push-pull amplifier as shown here. 


tube and the other end to the grid of the other amplifier tube (see 
Fig. 323). Connect the plates of the power tubes to the two ends 
of the primary of the output transformer. The bias resistor used 
in the push-pull circuit should have half the resistance you would 
use for the same tube in a single-tube circuit. Distortion and loss 
of power will occur if the bias is incorrect. No by-pass condenser 
is required for the grid-bias resistor. 

How to operate it. Turn on the heater and B power. The set 
is in operation. There are no adjustments for this circuit. 

How it works. The input coupling transformer is connected to 
the plate circuit of the first audio-amplifier stage to transfer the 
signal to the grid of the push-pull amplifier, as shown in Fig. 323. 
The audio signal from the detector has been amplified by the first 
audio amplifier and is delivered through the input coupling trans- 
former to the grid circuit of the push-pull stage. 



^ Decreasing 



Fig. 324 . When the electrons surge on the grid of tube 1, the plate current 
through this tube decreases. At the same time the grid of tube 2 is becoming 
positive and the plate current through this tube is increasing . 


Now follow the effect that electron surges in the first audio- 
amplifier plate circuit have in the push-pull amplifier circuit (see 
Pig. 324). The varying strength of the plate current in the first 
audio amplifier sets up an alternating voltage in the secondary of 
the input coupling transformer P u This drives electrons on the 
grid of tube 1 and at the same time draws electrons off the grid of 
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tube 2. Tims the plate current of the tube whose grid is being 
made more negative is weakened. But, at the same time, the plate 
current of the tube whose grid is being made less- negative is 
becoming stronger. 

The Grid Bias. The bias voltage put on both grids by the grid- 
bias resistor makes both grids negative. As explained earlier, the 
grids must never become positive, or they will draw current and 
will distort the signals. Now notice the action of the plate cur- 
rent from both tubes in the output transformer. 

The Effect of a Surge of Increasing Strength. When a surge of 
electrons flows through the primary 1\ of the input coupling trans- 
former (Fig. 324), it causes electrons to surge through the second- 
ary, as shown by the arrows, while the primary surge is growing in 
strength. Electrons surge to the grid of tube 1 and make it more 
negative. The negative grid reduces the flow of electrons through 
tube 1, and a current of decreasing strength flows, as shown by the 
light arrows in Fig. 324. 

At the same time, the secondary pulls some electrons off the 
grid of tube 2, making its grid less negative. The less negative 
grid allows a current of increasing strength to flow through tube 2. 
The plate current of tube 2 flows through the primary of the out- 
put transformer and back through the center-tap connection to 
the B battery, as shown by the heavy arrows. 

The Current in the Output-transformer Secondary <S 2 . When the 
current flow through tube 2 (Fig. 324) is increasing in strength, 
it induces a voltage in secondary S>, as shown by the heavy arrow. 

At the same instant, the current through tube 1 is decreasing in 
strength. It induces a voltage in S% that adds to the voltage 
induced by tube 2. 

When the surge of electrons through Pi reverses, as shown in 
Fig. 325, the increasing current through tube 1 induces a voltage 
in S 2 , as shown by the heavy arrows. At the same time, the 
decreasing current through tube 2 induces a helping voltage, as 
shown by the light arrows. Again, both voltages in S 2 add. 

Tube Action. The two tube grids switch the plate current from 
one tube to the other, so that much current flows through one tube 
during a half cycle. During the other half cycle, the other tube 
works. A much higher power output is possible with this circuit 
than with a straight single-tube amplifier. Higher B voltage can 
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be used without overheating the tube plates. Heavy plate cur- 
rent flows only for a half cycle, and the plate cools during the other 
half cycle. A half of each input surge cuts down the current flow 
through one tube and allows much current to flow to the plate of 
the other tube. 

The Second Harmonic. Harmonics are developed in nearly all 
vacuum-tube circuits. The second harmonic is twice the funda- 
mental frequency. The fundamental is called [he fir. / harmonic . 
A 500-cycle note will have a second harmonic of 1000 cycles. It 
Input coupling 



Fig. 825. When the voltage of the grid circuit reverses, the plate current through 
tul>e 1 increases and that through tube 2 decreases. Note the effect in each case 
on the current induced in the secondary of the output transformer. 

will have many other harmonics which are so weak that they may 
be disregarded. 

The second harmonic is the strongest. It stresses frequencies 
double the frequency of the signal that is being amplified. 

In the push-pull amplifier the second harmonic is eliminated by 
the circuit. 

Questions 

1. What causes the grids of the push-pull circuit to remain negatively charged ? 

2. Does the current always flow in the same direction through the secondary 
of the coupling transformer? 

3. Does a strong current flow through both tubes at the same time? 

4. Does the current always flow in the same direction through the center tap 
of the primary of the output transformer? 

5. Why can a much higher power output be used with a push-pull circuit than 
with a single-tube amplifier? 
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How to hook up a push-pull amplifier. When you hook up a 
push-pull amplifier, you must have enough voltage to drive its 
grids, so that this circuit will develop all the power it is capable 
of producing. For this reason you will need an amplifier stage 
ahead of the push-pull stage. As shown in Fig. 326, this voltage 
is provided by the 6C 5 audio-amplifier stage ahead of the push- 
pull stage. 

Step 1. Connect three circuit boards together. Use a 6C5 
detector, a 6C5 first audio amplifier, and a 6F6-6F6 push-pull 
amplifier (see Fig. 326). 



Fig. 326. Hook up a push-pull amplifier. Connect the set boards together. 


Step 2. Connect the antenna and ground wires to the detector 
board. Connect a dynamic speaker to the push-pull amplifier 
through an output transformer. 

Step 3 . Connect the heater terminals on the set boards in 
parallel to the power supply. Turn on the power supply to test 
the connections. Turn off the power supply after this test is 
completed. 

Step 4- See that the power supply is off . Connect the B-nega- 
tive wire to all boards. 

Step 5 . Connect a separate B-plus wire to each board. Use 
the voltages shown in the diagram in Fig. 326. 

PART 6: HOW POWER IS TRANSFERRED BETWEEN STAGES— COUPLING 

You learned earlier that some form of coupling was needed 
between stages of a radio set. You may have noted that the 
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detector was coupled to the audio amplifier by means of an audio 
transformer. Then you noted that the first audio amplifier was 
coupled to the power audio stage by a transformer or by resist- 
ance coupling (a condenser and resistors). Also, the power audio 
amplifier was coupled to the speaker by an output transformer. 
You will learn in Chapter 19, “Public-address I'nits,” about a 
phase-inverter coupling system (a condenser- resist or network). 

When you examine the radio-frequency amplifier to bo described 
next, you will find a different kind of transformer used for coupling. 

While the reasons for the engineering design of llmse different 
coupling methods are beyond the scope of this book, some general 
statements can be given to help explain the background principles 
of coupling. 

Before you go further, you will need to know something about 
power in an electrical circuit. 

How does power affect the electrical circuit? When you studied 
Ohm's law, you found that voltage, current, and resistance were 
all tied in together. When any one of these changed, the others 
were also affected. Power now adds a new factor that changes as 
voltage, current, or resistance changes. 

When you attach an A battery, a flashlight cell, or a No. 0 dry 
cell to a tube, power is consumed. You see the result of powei 
applied in overcoming resistance as the glow of the heated fila- 
ment. You can feel the heat. The battery voltage drives elec- 
trons through the resistance of the filament and does work. The 
result of the work here is to produce heat and light. 

When you visited the radio broadcast transmitting station, you 
both saw T and heard a motor begin to turn and then whirl steadily. 
There, power was developed when the current flowed through the 
coils of the motor and produced both motion and heat. 

How is power calculated? Power in an electrical circuit is 
easily found by a formula. Power is the result of pressure exerted 
on electrons and their rate of flow (voltage times current). Power 
is expressed in watts; 1 watt is equal to 1 ampere times 1 volt. 
Here is the formula 

Power = voltage X current 
Or you can write it in symbols as 

P = E X / 
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where P = power in watts 
E = volts 
/ = amperes 
Examples: 

1. How many watts of power are used by a lam]) that operates 
on a 100-volt circuit and that draws 1 ampere of current? 

P = EXI 

where E = 100 volts, circuit voltage 
/ = 1 ampere, circuit current 

P = 100 X 1 
= 100 watts 

2. How much power is drawn from the A battery by a 1H4G 
tube that operates at 2 volts and 0.06 ampere? 

P = EXI 

where E = 2 volts, filament voltage 

I = 0.06 ampere filament current 

P = 2 X 0.06 
= 0.12 watt 

There are other ways to write the power formula. Your instruc- 
tor will show you how they can be worked out from Ohm’s law, 
E = I X li, and the simple power formula, P = E X I. Here is a 
widely used form 

P = PR 

When written this way, the formula is handy for use in studying 
radio circuits. For example, you can easily calculate the amount 
of power developed as heat in a resistor of 50,000 ohms when a 
plate current of 5 milliamperes flows through it. (Amperes must 
be used in these formulas instead of milliamperes. Five milli- 
amperes is toW ampere, or 0.005 ampere. Multiply milliamperes 
by 1000 to get amperes.) 

P = PR 

where I = 0.005 ampere (5 milliamperes) 

R = 50,000 ohms 
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P = (0.005) 2 X 50,000 
= 0.000025 X 50,000 
= 1.25 watts 

These formulas apply only to circuits in which there arc direct 
currents and voltages. Even in alternating current and radio cir- 
cuits, however, the idea of power represented by the formulas is 
useful, though the formula isn’t strictly correct in all such cases. 

Power is used and controlled in a radio circuit. Power in a 
radio or audio tube circuit comes from the B battery. This power 
is controlled by the electrons on the grid, which ca»\se it to act 
like a valve, shutting off or turning on this power. The power is 
used in the coupling device, which passes it on to the next stage of 
the circuit, until, in a receiving set, the power finally is converted 
by the loudspeaker into sound. 

A signal set up in the antenna by a passing radio wave is a very 
weak alternating current. It is measured in microvolts and micro- 
amperes (micro means one millionth). There is very little power 
in the antenna. Vet, by using this weak power to drive electrons 
on and off the grid of a radio-frequency amplifier tube, you start a 
train of events which finally gives you very loud sounds from your 
loudspeaker. lx‘t us follow this process briefly. 

The weak current in the antenna circuit induces a surging, or 
oscillating, current in the tuned secondary circuit. Oscillating 
surges in the secondary circuit drive electrons on or pull them oft* 
the amplifier grid. 

In both the antenna circuit and the tuned amplifier circuit, there 
is very little power. But there is much power available from the 
B battery or the power supply attached to the amplifier plate 
circuit. 

It is the job of the tube to control this power. You already 
know how the electrons on the grid of the tube control the strength 
of the {date current. You can easily see that a change of a few 
microvolts on the grid of a radio-frequency amplifier can control 
the flow of a plate current of 2 milliamperes, thousands of times 
stronger than the surges on the grid or the antenna current. 
(Small voltage changes on the grid produce relatively large changes 
in the strength of the plate current.) 

The plate current now flows through a coupling transformer, 
and the current changes in its primary induce a voltage in its 
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secondary. This voltage forces electrons on or pulls them off the 
grid of the next tube. 

Because each tube amplifies, the voltage changes on each suc- 
ceeding amplifier grid are stronger and control more power in the 
plate circuit. Finally, a strong voltage on the audio-frequency 
power-amplifier grid controls a plate current of about 30 milli- 
amperes in a pentode power tube, or about 60 milliamperes in a 
beam power tube. This powerful current now can produce the 
motion in the speaker necessary to make a great volume of sound. 

The coupling circuit’s job is to transfer as much power as possi- 
ble from the plate circuit of one tube to the grid circuit of the 
next. It will do so only under certain conditions. 

Rule. Maximum 'power is transferred from one circuit to the next 
when the plate impedance of the tube is the same as the impedance 
of its load . This would demand that a tube with a plate imped- 
ance of 12,000 ohms be connected to a coupling transformer or 
resistor with impedance of 12,000 ohms. (This is the alternating- 
current resistance, not the direct -current resistance.) 

But there are practical reasons why other than an exact imped- 
ance match is used. 

What are some practical coupling methods? Two kinds of 
colliding are used, one for voltage amplification and the other for 
power amplification. Examples of the use of coupling to produce 
voltage amplification arc the coupling between radio-frequency 
amplifiers, between a radio-frequency amplifier and a detector, 
between a detector and an audio amplifier, and between audio 
amplifiers. Each stage requires almost no current (and, therefore, 
very little power) from the preceding stage. The audio-frequency 
power amplifier, however, must sometimes deliver appreciable cur- 
rent; this is why it is called a power amplifier. 

What kind of coupling is used between radio-frequency stages? 
You can purchase antenna coils and interstage coupling coils in 
matched sets designed for the tubes and radio-frequency-amplifier 
circuits in which they are to be used. They produce the high imped- 
ances necessary in coupling devices used for voltage amplification. 
This kind of coupling is used between stages of a radio-frequency 
amplifier because the high-gain tubes have a high-amplification fac- 
tor and high plate resistance. The radio-frequency coupling trans- 
former is wound on an insulating form. These coils operate at or 
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near resonance, so that they form a lngli-hnpcdance load for the 
tube. 

There is a large voltage drop across the high impedance of the 
coupling-transformer primary. Since this is a step-up transformer, 
there will be a larger voltage across the secondary and on the grid 
of the following cube. 

How are audio -amplifier stages coupled? Two stages of an 
audio amplifier are coupled either with an iron-core transformer 
(see Fig. $ w 27) or with a resistance-condenser combination. Trans- 

TRANSFORMER COUPLING 
F /ref Audio Stage Power Auc/to Stage 



l 

v Iron -core 
Tran s form or 


RESISTANCE COUPLING 
First Audio Stage Power Audio Stage 



Plate- load J v Coupling 

resistor condenser 


Flo. 327. Audio amplifiers may he coupled together by means of an iron-core 
transformer or hy a resistance-condenser coupling as shown here. 

former coupling is generally used with low- or medium-mu tubes. 
The primary impedance of the transformer is about twice the plate 
impedance of the tube. This reduces the distortion of the signal 
that would occur if equal impedances were used, (lood power 
transfer between stages is sacrificed to improve the quality of the 
music and sound. 

The resistance-coupled circuit is ordinarily used with high-mu 
tubes. The plate-load resistor (see Fig. 328) can be several times 
the plate resistance of the tube. Then the changes in current 
strength through the plate-load resistor will cause a large voltage 
drop (IR drop), and the voltage on the next tube grid will be 
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greater than on the first tube. There is relatively little distortion 
in a well-designed resistance-coupled amplifier. 

If the plate load has too high a resistance, it will cut down the 
plate current too much. Therefore, its resistance must be a com- 

^ Coupling 



B- B + 

Fig. 328. This is the eireiiit for resistance coupling between audio-amplifying 
circuits. It may also be used between detector and an audio amplifier. 


A Power Tube 



Fig. 329. Coupling circuit used between a power audio amplifier and the voice 
coil of the speaker. The small output transformer must be specially wound to fit 
the tube and the impedance of the speaker voice coil. Sometimes a universal 
output transformer is used for experimental work. 

promise between a size large enough for good amplification and a 
size small enough not to cut down the plate current too much. 

How are the power tube and the speaker coupled? An output 
transformer is used to couple the power-amplifier tube to the 
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speaker (see Fig. 399). The power tube has a low mu and a low 
plate resistance, so that a relatively large plate current will flow. 
A low-impedance coupling transformer is used. The transformer’s 
primary impedance has about twice the tube’s plate impedance. 

The secondary is wound so that it has the same impedance as 
the voice coil of the speaker. This arrangement gives the best 
power transfer, with low distortion. 

A universal output transformer is often used by experimenters. 
Such a transformer can be used with many different tubes which 
have different plate impedances. A universal output transformer 
has a tapped secondary winding. Each tap is connected to a 
soldering lug. You move the voice-coil connection from tap to 
tap to the point where the music is loudest an.] clearest. At this 
point you have the best impedance match between transformer 
and tube and between transformer and voice coil. 

PART 7: HOW THE RADIO-FREQUENCY AMPLIFIER IS BUILT 

Why is the radio -frequency amplifier used? An audio amplifier 
can build up the strength of a weak signal from the detector until 
the sounds from its loudspeaker can be heard for blocks. But 
there is a practical limit to audio amplification. It is limited by 
the noise introduced by the tube, by imperfect contacts, and by 
slight voltage changes. Distortion originating in the tubes or the 
circuit may also be magnified. 

Another way to build up the signal is to amplify it before it 
reaches the detector. The signal on the antenna may be amplified 
through several radio-frequency amplifier stages. 

The radio-frequency amplifier has considerable gain , or ability 
to increase signal strength. In the process, it has the effect of 
making the set more sensitive to weak signals. This enables the 
set to receive signals over greater distances and to receive signals 
from low-power nearby stations that you were unable to hear 
before. 

What tubes are used for radio-frequency amplifiers? The pen- 
tode tube makes an excellent radio-frequency amplifier. The tube 
used in the circuit you are about to build is a voltage amplifier 
with large mutual conductance. The tube used for this purpose is 
the 6J7 or the 6K7. 
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How to Build and Wire the Set 

Mount and wire the parts for the radio-frequency amplifier on a 
small set board, as shown in Figs. 330 and 331. 



O.O! /if 6.3 volts 125 250 volts 

By-pass ac 

condenser 


Fig. 330. Tlic board layout for a radio-frequency amplifier. 



The coil. Use the same coil that you used in the detector cir- 
cuits you studied earlier, or a similar one. Here the standard 
radio-frequency transformer is called the antenna coil. Antenna 
and detector coils can be purchased in matched sets. 

The condenser. Use a standard small-sized broadcast-tuning 
variable condenser. 


n.tfSJC RECEIVING CIRCUITS I'SIXG ALTERS ATl.XC, -CURRENT TI RES 891 


Clips. Arrange the clips so that you can try different sizes of 
bias resistors and by -pass condensers. 

Wiring. Arrange wiring as shown in Figs. 880 and 831. 

How to Operate It 

Step 1. Connect together the radio-frequency amplifier, the 
detector, and the audio-amplifier circuit boards, as shown in Fig. 
334 . 

Step 2. Connect the filament heater from the power supply to 
all boards. Test these connections as before. 



Step 3. Connect the 11-minus and 11-plus wires as explained for 
the audio amplifier. 

Step J f . Recheck the circuit before turning on the B power. 

Step 5. Tune the radio-frequency amplifier and the detector to 
bring in a station. 

Further Tests to Try 

Test 1. Try changing the grid-bias voltage on the radio-fre- 
quency amplifier tube. Do this by attaching resistors of different 
values to the clips in the cathode circuit. Note its effect on the 
sensitivity of this tube by tuning to the same stations before and 
after the change. (If this makes the set more sensitive, the signals 
will be louder.) 

Test 2. Try changing the screen voltage on the radio-frequency 
tube to see its effect on the sensitivity. Use a different voltage 
tap on the power supply to do this. 



392 


UNDERSTANDING RADIO 


Why It Works 

You have already studied the audio-frequency amplifier and 
know how it amplifies. There is no difference between the basic 
theory of operation of this amplifier and that of the radio-frequency 
amplifier. 

The radio-frequency amplifier is biased so that the zero grid- 
voltage point falls near the center of the grid curve. A signal on 
the grid then produces plate-current changes of similar wave shape 
but of greater amplitude. Audio amplifiers operate over a wide 
band of frequencies; tuned radio-frequency amplifiers operate over 
a narrow band of frequencies. 

The primary and secondary of the antenna coils and any cou- 
pling transformers must be wound on nonmagnetic forms, such as 
Bakelite or other low-loss materials. 

The by-pass condensers arc of smaller capacity than in audio- 
frequency circuits, because the frequencies involved are so very 
much higher that the same amount of by-passing action is obtained 
with a small value of capacitance. Otherwise, the circuit is similar 
to that of the audio amplifier. 

PART 8: HOW TO BUILD A SINGLE-CONTROL RECEIVER 

How is tracking accomplished? After you have studied the 
different circuits in this chapter, you will enjoy assembling them 
into a practical receiver. You will now do this and get the single- 
control receiver described here. To it you can add several 
improvements over the basic circuits given earlier in this chapter. 
We will describe only three improvements: gang tuning, the 
volume-control circuit, and the power detector. 

This set is made up of the same unit circuits that you have 
already studied. They may simply be set together and tried out, 
rebuilt on a larger board with a three-gang variable-tuning con- 
denser, or built on a metal chassis. 

A de luxe receiver made to receive distant and weak stations 
on long and short waves has many tubes. Such a set may have 
two or more radio-frequency stages and a detector that must be 
tuned. If this fine receiving set were built like the experimental 
sets you have been using, it would be difficult to tune and so 
inconvenient that few could handle it. 
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The problem of timing so many circuits was solved by set 
designers, who mounted all tuning condensers on the same shaft, 
so that all circuits were tuned at the same time by turning a 
single knob. In one early set, three separate condensers were used 
with a wheel on the front of each. A narrow metal belt connected 
all three together. When the knob turned one condenser, the other 
two followed. 

The need for tracking became apparent when slight differences 
in coils, condensers, and their wiring kept the separate circuits from 
tuning to the same frequency when the condenser control was 



Fr>. !$iW. The small padrler condenser is connected in parallel with the main 
tuning condenser to align the different tuning circuits so that they will track. 

turned. Although this set was far more convenient to operate 
than was the one with three separate controls to adjust, it was 
less sensitive. The three circuits were not all tuned at the same 
time. Tracking, which is Lhe process of getting all circuits to 
track, or tune, together, was obtained in this early set by slipping 
the belt enough so that the three circuits tuned the same at any 
point on the dial. With care in circuit adjustment, fairly good 
tracking could be accomplished. 

Tracking adjustment is now carried out by means of a small 
condenser connected in parallel with the main tuning condenser 
(see Fig. 333). These small condensers are adjusted by the service- 
man who aligns your set. They are usually called jxulderx. 

How to build and wire the set. Mount a small three-gang con- 
denser on a large set board. This will give you a two-stage radio- 
frequency amplifier and a detector on one board. 
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How to operate it. Connect a pentode power amplifier to this 
set. Connect a signal generator and a speaker to the set. Wire 
the set to the power supply, and you are ready to align it. 

Aligning procedure. The broadcast band of frequencies over 
which this set will tune is from 550 to 1700 kilocycles. To align 
your receiver, you will need a signal generator such as is used by 
radio servicemen. The signal generator is simply a stable oscillator 
which acts as a weak transmitter. It provides you with a signal 


Slop I. Turn past the point 
of loudest signal. 


Step 2. Turn back past thQ 
loudest point but 
not so far. 


Step 3. Turn back again but 
end the turn closer 
to the loudest point : 

Step 4. S fop ON the loudest 
point . 

Fig. 334. Swing the tuning knob back and forth past the loudest point of signal 
strength to find the exact setting when aligning the tuning circuits. 

which you can hear as you align your set. Most signal gener- 
ators can be set to any desired frequency within the range of the 
instrument. 

Step 1. Set the signal generator to a frequency of 1000 kilo- 
cycles. Turn on the receiver and the signal generator. 

Step 2. Tune the receiver until you hear the steady tone of the 
signal generator. Turn the volume control, or attenuator , of the 
signal generator until the tone is weak. 

Step 3 . Adjust the padder condenser on the detector tuning 
condenser. Turn it to the right past the loudest point, and then 
turn it to the left past the loudest point (see Fig. 334). Continue 
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making* each swing shorter until you are exactly on the point where 
the tone is loudest. 

Step 4 * Now align the two radio-frequency stages in a similar 
manner. 

Step 5. Remove the signal generator, and connect the antenna 
and ground to the set. Your set will now tune accurately and 
will operate well. 

Why it works. The station will be heard loudest and clearest 
when each radio-frequency amplifier stage and the detector are 
tuned exactly to resonance with the carrier frequency of that 
station. If any of these circuits is tuned off the station even a 
little, both the strength of current flowing m the tuning circuit 
and the loudness of the music are reduced. 

When you tune each stage individually, it is easy to adjust each 
circuit exactly “on the 11080.“ Since* you cannot do this with a 
single-control set, you attach a padder condenser in parallel across 
each tuning condenser. Them, when you adjust the padder con- 
denser, you add more or less capacity to make up for any differ- 
ence in the mechanical or electrical size of the circuit. When tin* 
padders are correctly adjusted, the circuits will tune as closely 
together as is practically possible. 

Questions 

1. What is the source of power in a radio circuit? 

2. Why must we watch impedances in coupling one stage to another? 

3. Why is it important to calculate 1 the power in a radio circuit ? 

4 . Describe how to align a set which lias single-control tuning. 

PART 9: THE POWER DETECTOR 

You now have all the essential parts of the modern receiver in 
your single-control set. But because there are two stages of radio- 
frequency amplification, the signal will be too strong for the grid- 
condenser grid-leak detector. 

The power detector , sometimes called a plate detector , is better 
suited for your new circuit, because it will handle stronger signals. 
The grid-leak detector is fine for the beginner. It is simple, easy 
to operate, and sensitive to weak signals. But powerful signals 
from nearby broadcasting stations may block the grid-leak detec- 
tor and stop the set’s playing. The power detector is preferred 
when strong nearby stations are to be received. Several stages of 
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radio-frequency amplification are used ahead of this detector. It 
supplies strong signals to the audio amplifier. 

How to build and wire the set. Mount this circuit on a large 
set board. Arrange the parts as shown in Fig. 335. Wire the set 
as shown in the schematic diagram, Fig. 336. Use a standard 
broadcast-range coil and condenser for the tuning unit. Note that 



Fig. 335. The layout of the power detector. 



Fig. 33(h The schematic diagram of the power detector. 

no grid condenser and leak are used. Instead, a bias resistor and 
condenser are wired into the cathode lead. 

How to operate it. Set up the detector board by connecting the 
antenna and ground and phones. Compare its operation with that 
of the grid-leak detector. 

Next, connect the detector board to a radio-frequency amplifier 
and an audio amplifier, as shown in Fig. 337. 
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Follow the procedure of w r iring that you learned earlier: 

Step /. Wire heaters and test them. 

Step J. ltun all B-ininus wires. 

Step >\ Run ail ll-plus wires. 

Step 4 . Make a careful check. 

Step 5. Operate the set. 

Note that this detector uses high plate voltage with 250 volts 
on the plate. Use a 1-watt bias resistor of 8500 ohm*. 



Fig. 337. Connect the power detector *0 a radio-frequency amplifier and an 
audio-frequency amplifier to make a three-t ube set . You can get greater distance 
by adding a second radio-frequency amplifier ahead of the first. 


Why it works. The power detector, unlike the grid-condenser 
grid-leak detector, causes the plate current to rise more when the 
signal is positive than it drops when the signal is negative. Let 
11 s see bow this occurs. 

The high plate voltage (250 volts) draws much more current 
(8 milliamperes) through the tube than did the 45 volts used on 
the grid-leak detector. Examine the grid curve in Fig. 388. This 
curve shows several facts useful to your study of the power detector : 
First, that wdth the higher plate voltage, more plate current flows 
through the tube than with the grid-leak detector, which raises the 
whole curve; second, that since the plate voltage is higher, the grid 
has to be made more negative to reach cutoff, the point where no 
plate current flows. The cutoff point is to the left of the zero line 
for the grid with no bias. 
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Bias is needed for detection. To use this tube as a detector, 
it must be biased enough to move the grid zero line over to the 
lower knee of the curve. (The bend of the curve is called the 
knee.) The new zero-signal position of the grid is now 1G volts 
to the left of the zero position with no grid bias (see Fig. 338). 

The plate current, with no signal on the grid and no bias, is 
8 milliampercs. But when the tube is biased, much less plate cur- 



Fig. 338. The grid curve slums how the power detector operates. This is an 
engineering type diagram. 


rent flows, only about 2 milliamperes. The detector tube must 
cut off part or all of the negative half of each radio-frequency 
surge. It must act as a half-wave rectifier. A 17-volt negative 
bias is necessary for power detection. 

How does the tube detect? Now watch what takes place when 
a 4- volt signal reaches the grid. On the positive part of the sig- 
nal, the grid becomes less negative by 4 volts ( — 17 + 4 = —13). 
Thus it is actually 13 volts negative. Then the signal makes the 
grid more negative [ — 17 + ( — 4) = —21], and so it becomes 21 
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volts negative. You can sec this on the grid curve. The 4-volt 
signal on the grid is shown below the curve on the grid zero line. 

Draw a line up from the signal wave on the grid line (point ,1) 
to touch the grid curve at B. This shows that when the 4-volt 
positive signal reaches the grid, it makes the grid less negative, 
and the plate current becomes about 5 milliamperes .stronger. 

Now, when the grid is made 4 volts more negative by the nega- 
tive part of the signal wave at (\ the grid becomes 1 volts nega- 
tive. This makes the plate current weaker (see point 1) on the 
grid curve). 

As you will recall from your study of the grid -leak detector, the 
grid curve shows that the grid has less control of the plate current 
when few electrons flow through the tube tin. a when many elec- 
trons flow through the tube. This is shown by the bend at the 
lower end of the curve. Therefore, when the negative part of tin* 
signal makes the grid more negative, the plate current becomes 
weaker. But note that a 4- volt positive signal increased the plate 
current about 5 milliamperes, while a 4- volt negative signal only 
decreased it by ^ milliampere. The sine wave of the signal on the 
grid makes a plate-current wave that looks somewhat like the wave 
shape of the rectifier tube’s plate current in the power-supply cir- 
cuit (see Fig. 2fi(> in Chapter 14). The effect of the detector is 
similar to rectification. But unlike rectification, the voltage on 
the grid is not rectified; it only produces that effect on the plate 
current. This uneven effect that the signal on the grid has on the 
plate current produces detection. 

How are the radio-frequency surges regrouped? Examine the 
diagram in Fig. 339. It show s that the radio-frequency surges on 
the grid produce radio-frequency surges of the plate current with 
a distorted wave shape. Much of the lower part of the plate- 
current wave is cut off. (This gives the plate-current wave the 
appearance of a rectified wave.) 

When these plate-current surges reach the plate by-pass con- 
denser and experience the clinking action of the resistance or the 
transformer used for coupling the power detector to the audio 
amplifier, the result is a blend of the many radio-frequency surges 
into fewer audio surges. The action is similar to that of the crystal 
detector, in which the one-way flow of current, even at radio fre- 
quency, easily operates the earphones. Here, also, the plate cur- 
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rent, stronger in one direction than the other, produces sound in 
the earphones. You read about this in Chapters 9 and 12. 

Power detection is the same as grid-leak detection, except that 
the grid bias is obtained from the voltage drop across the bias 
resistor instead of from the grid condenser and grid leak. 



Fig. 339. Note how the radio-frequency wave on the grid is distorted as it 
appears in the plate-circuit wave. The lower part of the wave is much reduced. 
This makes possible detection. 

Questions 

1. What does the power detector use in place of the grid leak and grid con- 
denser? 

2. What would be the disadvantage in a power detector of putting a positive 
bias on the grid and shifting the operation over to the upper knee of the curve? 

3. Would the power detector operate if you adjusted the bias so that it oper- 
ated on the straight-line position of the curve? Explain. 

PART 10: VOLUME-CONTROL CIRCUITS AND HOW THEY OPERATE 

Many of the stations you pick up as you tunc across the dial 
are uncomfortably loud. There are several ways in which you can 
control the volume of the program. 

You might control the sound volume by changing the filament 
or plate voltage. This method was used in early sets, but it is a 
poor method and is no longer used. Two commonly used volume- 
control methods reduce volume either by increasing the negative 
grid bias on the radio-frequency amplifier or by cutting down the 
input to the first audio-amplifier tube. 
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How to Build and Wire the Set, Install the circuits described 
here in the sets you have already built. 

Grid-bias Volume Control . This circuit is shown in Pig. 340. 
A 50,000-ohm volume-control resistor is wired in series with the 
grid-bias resistor. Note that the by-pass condenser now is shunted 
across both of the resistors. 


6K7 



res/s tor 50,000 ohms 

Fig. 840. How the volume-eon trol resistor is connected in the radio-frequency 
amplifier circuit. 


Audio-circuit Volume C outrol . This type of volume control is 
wired as shown in Pig. 341. Here a 50, 000-ohm volume-control 
potentiometer is connected across the secondary of the audio trans- 
former used to couple the detector to the first audio amplifier. 

Note that the grid is connected to the moving arm and the 
cathode is connected to the lower end of the potentiometer volume 
control. 

How it works. Grid-bias Control . This circuit simply changes 
the voltage drop across the bias resistor, which now consists of the 
regular resistor plus the volume control. As the contact moves 
on the volume-control potentiometer, it changes the total resist- 
ance in the circuit. This changes the voltage, or III, drop across 
the resistor. This III drop produces the grid bias. 

When the bias increases, the grid becomes more negative and 
the music becomes weaker. You can make the grid so negative 
that the tube reaches cutoff and no plate current flows. 

When the bias is decreased, the signal becomes stronger. 
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Audio-circuit Control . This circuit operates on a different prin- 
ciple. It acts like the voltage-divider bleeder you studied in 
Chapter 14, “Power Supplies/' When you move the pointer to 
Y (see Fig. 341), there is no signal on the grid. But as you move 
the pointer toward X , the signal increases, because there is a volt- 
age drop between and J\ 'Phis drop is greater as you move the 
pointer further toward X 9 where you get the loudest music. 


Fmsf Audio 
Amplifier 



Fig. .‘Ml. How the volume-control resistor is connected in the audio-amplifier 
circuit. 


Technical Terms 

attenuator — A resistor in the output circuit of the signal generator used to 
control its output voltage. 

distortion — Fuzzy or unnatural rendition of music or the voice. Distortion may 
be produced by incorrect grid bias. 

gain Increase in signal strength. 

grid bias -The steady negative voltage on the grid. 

micro —One millionth. 

padder - A variable condenser of low capacity connected in parallel across the 
tuning condenser. The padder, usually a mica dielectric compression type of 
condenser, is used to make small adjustments to align several tuning circuits 
for tracking. 

signal generator — An accurate, stable radio-frequency amplifier used to align 
the tuning circuits of a receiving set. 

tracking — Correctly adjusting tuning circuits so that they will tune together on 
track across the entire tuning dial. 

watts — The unit of power. Watts equal volts times amperes. 


CHAPTER 17 


THE SUPERHETERODYNE RECEIVER 


When you review the work you have been doing on receiving 
circuits, you will find that the one-tube receiver was an improve- 
ment over the crystal detector. Tint this was only one of many 
improvements. Another improvement was the audio amplifier, 
which made the music louder. The receiving set was then made 
more sensitive by adding the radio-frequency amplifier, which 
brought in distant stations you had been unable to hear before. 
Its selectivity was improved by adding tuned circuits in the detec- 
tor and the radio-frequency amplifier stages. You could then tune 
more sharply and cut out interfering stations more easily. Tuning 
was simplified by ganging the tuning condensers, so that the whole 
set could be tuned by a single knob. The result of making such 
improvements in commercial sets was the popular five- or six-tube 
tuned-radio-frequeney receiver, a popular, rugged, and inexpen- 
sive set. 

However, the tuned radio-frequency set had several faults. The 
radio-frequency amplifier and the detector circuits were inefficient, 
because they were designed to tune over a wide band of frequencies. 
Furthermore, there was a practical limit to the number of audio- 
amplifier stages that could be user!, because tube and circuit noises 
were amplified into objectionable background noise. 

The superheterodyne circuit overcomes these difficulties and 
adds a new feature, namely, a radio-frequency amplifier that oper- 
ates on a band of frequencies about 10,000 cycles (10 kilocycles) 
wide. This amplifier is much more efficient than the usual radio- 
frequency amplifiers that must operate at reduced efficiency over 
the band of frequencies used by most broadcasting stations (500 to 
1500 kilocycles, a band 1000 kilocycles wide). The superhetero- 
dyne receiver is so efficient that it is widely used in broadcasting 
and communication work. 
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You will learn the following things in this chapter: 

Part 1 : What the Superheterodyne Principle Is 

Part 2: How to Line Up the Intermediate-frequency Transformers 

Part 3: How the Diode Detector Operates 

Part 4: How Automatic Volume Control Works 

PART 1: WHAT THE SUPERHETERODYNE PRINCIPLE IS 

What are the new units in the superheterodyne receiver? 

Examine the block diagram in Fig. 342. Note the new radio- 
frequency amplifier stage that follows the new mixer, or first 
detector, stage. It is called the intermediate-frequency ( i-f ) ampli- 
fier. This is the fixed-tuned amplifier that makes the superhctero- 



Fig. 342. Block diagram of the superheterodyne receiver. Note the new units 
in this receiver shown in the shaded blocks. They are the mixer, the oscillator , 
the intermediate-frequency amplifier, and the power, or diode, detector. 


dyne so efficient. The intermediate-frequency circuits will allow 
only a signal of 455 kilocycles to pass through it and will kill all 
other signals. But when you want to hear a station that operates 
on a frequency of 680 kilocycles, let us say, you need some special 
circuit to change its frequency, so that its signal will go through 
the sharply tuned 455-kilocycle intermediate-frequency amplifier. 

The new mixer stage and the oscillator stage direct the 680-kilo- 
cycle signal, or any other frequency of signal you wish to hear, 
through the fixed-frequency intermediate-frequency amplifier. An 
ingenious method for doing this was worked out by E. H. Arm- 
strong, the inventor of the superheterodyne. He found a simple 
wajt of using the beat-note principle (explained later in this chap- 
ter) to convert these different station frequencies to 455 kilocycles. 
He fed the signal from an oscillator, a new circuit shown in the 
block diagram, Fig. 342, into the first detector, where it combined, 
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or mixed, with the incoming carrier wave from the station to which 
hi* receiver w as tuned. This produced a beat frequency. 

By making the heat frequency come out as the frequency to 
which the highly efficient intermediate-frequency amplifier was 
tuned, signals could he received. This is explained in detail later. 

Examine the new circuit units. The new units in this circuit 
are represented hy shaded blocks in Fig. 342. Examine each new 
circuit. 

The mixer, or first detector, is the first shaded block. This cir- 
cuit combines, or mixes, the incoming signal with a signal from the 
oscillator, so that the resulting frequency will be 455 kilocycles. 
This is explained in “How 7 It Works'* later in the chapter. 

The mixer is a detector witli connections V the oscillator and 
the radio-frequency amplifier. You will study only one of the 
several ways to connect the oscillator to the mixer. 

The Oscillator. This may be the same circuit as that used in 
transmitters (see Chapter 20, “Power Oscillators and Amplifier 
Circuits”). The oscillator sets up a signal that is fed into the 
mixer, as shown in Fig. 342. 

The Intermediate-frequency Unit. This is simply a fixed-tuned 
radio-frequency amplifier. It may include a volume control in 
series w r ith the bias resistor. 

Examine an intermediate -frequency transformer. Remove the 
cover from an intermediate-frequency transformer unit, and 
examine the coils and tuning condensers. Note that the coils 
are lattice- wound. The compression type of condenser connected 
across each coil (see Fig. 343) is tuned by turning the screw on it. 
Note that the coils are loosely coupled to make tuning sharper. 

What does the second detector do? The radio-frequency ampli- 
fier, the mixer, the oscillator, and the intermediate-frequency 
amplifier all operate at radio frequencies. The frequency of the 
radio-frequency amplifier is the carrier frequency of the station to 
which you are tuned. This is a radio frequency. The oscillatoi 
frequency is a few hundred kilocycles below the station's carrier 
frequency. The intermediate frequency , 455 kilocycles, is also a 
radio frequency, and so you will need a detector circuit to regrtiup 
the radio-frequency surges from the 455 -kilocycle intermediate- 
frequency amplifier and produce sound in the earphones or speaker. 

For this purpose, you may use any detector circuit that you 
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have studied. But since the superheterodyne receiver has the 
radio-frequency amplifier and the intermediate-frequency ampli- 
fier to build up the signal from the antenna, either a power dctec- 




Fiu. 343. This shows the intermediate-frequency transformer unit. Note the 
two lattice-wound coils, the loose coupling between them, and the two compres- 
sion-type tuning condensers on top of the coils. 

tor or a diode detector should be used. A grid-condenser grid-leak 
detector works poorly on such strong signals. 

What are the advantages of the diode detector? As you will 
recall from earlier chapters (Chapters 9 and 11), you have tried 
the two-element tube as a detector. This was the tube that 
Fleming tried to use on Marconi’s early equipment in England. 
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His experiments proved this tube to be commercially impractical 
because it works well only on strong signals. However, now that 
we have amplifiers to build up the strength of the signal, wc can 
use the diode tube as a detector. The quality of music is good 
because the diode detector produces little distortion. The diode 
detector has another advantage: No B battery is required in its 
circuit. 

Examine the diode circuit. In Figure 344 the diode-detector 
circuit is shown. Note that the tuner part of the circuit is the 
same as the one used with the detector circuits with which you 
have worked. Note that, unlike the triode tube, it has no B 



Fig. 344. Circuit diagram of the diode detector. Note that the tuning circuit 
for the diode is the secondary of the second intermediate-frequency unit. 


battery. The diode circuit is similar to the rectifier in the power- 
supply circuit, except that it is a half-wave rectifier. Its oper- 
ation is explained later in this chapter in “Why It Works.” Note 
the unusual way in which surges are taken off across the resistor 7ti. 
A part of the voltage drop across R\ is used to drive the audio- 
amplifier tube. 

How to Build and Wire the Set 

What is the mixer unit? The mixer is a radio-frequency ampli- 
fier. It is sometimes called the first detector . Use the circuit 
board you built when you studied the last chapter (see Figs. 330 
and 331). Add a connector terminal at the point marked X , as 
shown in Fig. 345. 

Use a CJ7 tube for the mixer circuit. It is a voltage-amplifier 
tube with good gain, which you will connect in such a way that it 
will work as a detector. You may also use any of the following 
tubes: 24A, 57, or 77. 
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Build and wire the oscillator. This is the Hartley circuit that 
has long been a favorite because of its simplicity and the ease with 
which it can be made to oscillate. \ou will use a 6C5 tube in this 


300 ohms 


First i-f 


Amplifier Un/f 


B- B- 


mut^tnr 
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raised shelf at the back of the circuit board. They are then easy 
to wire, and the wiring can easily be seen. Make the shelf of 
metal or of ^-inch pressed wood. 



Fig. 347. The intermediate-frequency amplifier. This circuit is a radio-fre- 
quency amplifier with its tuned circuits enclosed in shield cans. Sometimes a 
volume-control resistor is added in scries with the bias resistor. 


Use a (>K7(i, a 78, or a 58 tube for this circuit. The 6K7(i is 
a super-control amplifier tube which will not block on loud signals. 

Wire this circuit as shown in 
Pig. 347. 

Build and wire the second 
detector. The second det eet or 
can be the power detector you 
studied in the last chapter, or 
it can be the diode detector. 

We shall describe the latter, 
which you have not yet used. 

Build this detector on a small 
set board. Its tuning circuit is 
the secondary coil and condenser of the second intermediate-fre- 
quency transformer. 

Lay out the parts as shown in Fig. 348, and wire the circuit as 
shown in Fig. 349. 

You can use several different types of tubes as diode detectors. 
For this circuit you can use one side of the GH6, a duodiode tube, 
or connect the grid and plate of the 6C5 together, or use one of 
the diode sections of the 6Q7 or 6R7. 

How to Hook Up the Superheterodyne Receiver 

Step 1 . Connect the different units together as shown in the 
wiring diagram, Fig. 350. 



Fig. 348. Board layout for the diode 
detector. There is no B battery on this 
unit. 
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Step 2. Attach wires from the power supply to the different 
heater connections, and test the circuit. 

Step 3 . Connect wires to the B-minus posts on the set boards 
and to the power supply. Connect the B-minus to ground. 



Fig. 340. This is the schematic* circuit for the diode detector. Note that only 
one half of the diode is used in this circuit. 



Fig. 350. Connect the units of the superheterodyne receiver together as shown 
in this diagram. The coupling condenser between the oscillator and the mixer 
may be a trimmer condenser or merely two insulated wires twisted togethe r. Try 
connecting B minus to ground. Note any effect it may have on music quality. 

Step 4. Connect wires to the B-plus taps on all boards. Check 
the wiring. Then have the instructor cheek it before turning on 
the power. 

You are now ready to line up the intermediate-frequency ampli- 
fier. This amplifier must be aligned before the set will play. 

Questions 

1. What type of winding is used on the intermediate-frequency transformers? 
Why ? 
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2. Wliat type of condenser is used? Why? 

3. How is sharp tuning provided for in the coils? 

4 . What is a diode detector? How doe.> it differ from a triode? 

6. Would a superheterodyne set work if you used some other intermediate 
frequency than 455 kilocycles? 

PART 2: HOW TO LINE UP THE INTERMEDIATE-FREQUENCY 
TRANSFORMERS 

When you align the intermediate-frequency transformers, you 
lune them accurately to the frequency for which they were designed, 
often 455 kilocycles. The value is usually printed on the shield 
cans. Use a signal generator of the type employed by radio 
servicemen to put out a radio-frequency signed for lining up the 
set. The signal generator is a small oscillator that generates a 
steady radio-frequency signal, which is modulated so that you can 
hear a tone in the earphones as you align the circuits of your 
receiver. 

How to line up the intermediate-frequency-amplifier units 

Step 1. Turn on the power supply to heat the tube filaments 
and to supply B voltage. 

Step 2. Disconnect the wire from the grid of the intermediate- 
frequency amplifier tube. (Attach the ground, or B-minus lead, 
from the signal generator to the B-minus, or ground, of the receiver. 
This is generally the shield braid on the lead from the output of 
the signal generator.) Attach the other lead from the signal gen- 
erator to the grid of the intermediate-frequency tube. 

Step 3 . Turn on the signal generator. Set it to the intermediate 
frequency (generally 455 kilocycles) shown on the intermediate- 
frequency-amplifier transformer units. 

Turn up the volume control on the signal generator to maximum 
output. 

Step h. Adjust the secondary of the last intermediate-frequency 
unit by turning its adjusting screw on top of the shield can. Use 
a screw driver with an insulated handle or a special aligning tool 
which has a wood or Bakelite handle and a metal bit. 

Rough Tuning . Turn both the primary and secondary, adjust- 
ing the screws until the loudest signal is obtained. 

Fine Tuning. Make the final adjustment of the last inter- 
mediate-frequency secondary with the signal-generator output set 
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so low that you can barely hear the signal. It is difficult to get 
an accurate setting with a loud signal. 

Turn the adjusting screw past the loudest signal, first to the 
right and then to the left, reducing the motion each time until 
you are exactly on the point of the loudest signal. This is similar 
to the process of aligning the single-control receiver. 

Now tune the primary by turning its adjusting screw in the 
same manner. 

Step 5. Move the signal-generator leads to the grid of the mixer 
tube. Replace the grid lead on the intermediate-frequency tube. 
Adjust the first intermediate-frequency unit as you did the 
last. 

Note that you first line up the intermediate-frequency unit 
nearest the second detector . Then you woik toward the front of 
the set, doing the others in turn. 

Step (i. After you have lined up the intermediate-frequency 
transformers and your instructor has checked them, disconnect 
the signal generator, attach the set to the antenna, and you are 
ready to learn how to tune the mixer and oscillator to bring in 
stations. 

How to Operate the Circuit 

An experimental superheterodyne circuit, set up by attaching 
set-board units together, is tricky to tune. The manufactured set 
is easy to tune, because the different tuning condensers are ganged, 
and the different circuits are carefully aligned in the factory. 

Since you do not have ganged tuning control, you will have to 
tune both the oscillator and the mixer at the same time to get 
stations. 

Step 1. Turn on the power supply. When the tubes heat, the 
set is ready to play. 

Step 2. Tune for a station. As you tune the mixer with one 
hand, tune the oscillator with the other. Move the mixer control 
very slowly across the dial. At the same time, move the oscillator 
dial back and forth near the setting of the mixer dial. The oscil- 
lator should be set at a higher frequency than the signal. Its 
tuning dial is always a few points behind the mixer setting. 

Continue until you hear a station. This set is quite selective, 
and so your tuning must be accurate. 
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Step 3. When you have learned to tune the superheterodyne 
circuit, replace the earphones by the audio amplifier and speaker. 

How It Works 

What are beat notes in sound? When two piano wires tuned 
to exactly the same pitch are set in vibration, you hear only one 
tone. But, if you stretch one of the wires more tightly, its note 
will be higher in pitch than before. Now, when you set both wires 
to vibrating, you will hear not only the tone produced by the first 
wire and the tone produced by the second wire, but you will also 
hear a third tone. The third tone is a slow, throbbing sound. It 
is called the beat note. When the two wires ar* vibrating at exactly 
the same rate, they are in resonance; no boat note is produced. 
This is called zero beat. 

Let us say that the first wire has been tuned to a frequency of 
256 cycles. This is the frequency of middle C on the piano. If 
the second wire is tighter than the first one, so that it produces a 
note of 260 cycles, which is a little higher than middle C, the third 
tone you hear is a low tone of four cycles, or the difference between 
the vibrating frequency of each of the strings (260 — 256 = 4). 
It sounds like a slow “ in-m-M-in-m-m-m-M-m-m-m,” swelling in 
loudness at regular intervals. 

You can control the pitch of the beat note. If you tighten either 
wire, its pitch rises. The beat note changes, increasing in speed. 
You can thus change the rates of vibration until the beat note 
sounds higher, or until it can no longer be heard. 

How do beat notes occur in a radio circuit? The action of the 
two strings in producing a beat note is similar to what goes on in a 
radio circuit in which there are two oscillations, each of a different 
frequency. The familiar whistle you hear when tuning a regener- 
ative receiver with the set in oscillation is a beat note. It is caused 
by the carrier wave to which you are tuning beating with the oscil- 
lation produced by your set, forming what is commonly called the 
carrier whistle. This whistle is not the carrier; the carrier wave is 
a radio-frequency oscillation far above hearing. 

The frequency of the beat note which you hear is equal to the 
difference between the carrier frequency and the frequency at which 
your set is oscillating. You cannot hear either of the original radio 
frequencies. If, for example, you have two radio frequencies 
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surging in a circuit, a carrier frequency of 100,000 cycles and a 
receiver-oscillation frequency of 101,000 cycles, you can hear neither 
of the two frequencies, since both are far above the hearable fre- 
quency. But the beat note produced by these two frequencies in 
your set will be at 1000 cycles a second (101,000 cycles — 100,000 
cycles = 1000 cycles). You can hear a sound wave with a fre- 
quency of 1000 cycles. 

You also could produce a beat frequency of 1000 cycles by using 
two other radio frequencies, one of 100,000 and another of 99,000 
cycles, for example. Here the difference between the two fre- 
quencies again is 1000 cycles, and a beat note of the same pitch 
as the beat note in the preceding example is heard. 

How can you control the pitch of the beat note? Just as you 
can change the beat note in sound, so you can change the pitch 
of the beat note in your receiver. One of the signals that helps 
to produce the beat note in your set comes in over the air. You 
cannot change its frequency. The other signal is generated in 
your own set. In the superheterodyne receiver you obtain a radio- 
frequency beat note. The second frequency that acts with the 
incoming signal to produce it is generated by the oscillator, which 
you can control. You can tune the oscillator in your set to get a 
beat note of any frequency you want. 

How does the oscillator determine the beat note? When a 
1000-kilocycle signal from a broadcasting station is received in the 
antenna, you should tune the oscillator of the superheterodyne 
receiver to a frequency of 1455 kilocycles. These two frequencies 
are then on the grid of the first detector tube. They blend and 
produce a surge of current 455,000 times per second, so that a new 
frequency is produced in the plate circuit. These surges make up 
a radio-frequency beat note of 455 kilocycles. You could also tunc 
your oscillator to 545 kilocycles and get a beat note of 455 kilo- 
cycles (1000 kilocycles — 545 kilocycles = 455 kilocycles). 

The intermediate -frequency stages amplify only a narrow fre- 
quency band. The intermediate-frequency transformers are tuned 
by the small trimmer condensers to a narrow band of frequencies 
near 455,000 cycles (455 kilocycles). When you adjust the trim- 
mers to line up the set, you tune the coils and condensers to the 
same frequency near 455 kilocycles. This means that the ampli- 
fier will only allow a signal with a frequency of 455 kilocycles to 
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pass through the intermediate-frequency coils and tubes and will 
reject, or kill, any other frequencies. The intermediate-frequency 
stages are simply radio-frequency stages with fixed tuning. 

Suppose a station operating on 1500 kilocycles is picked up by 
the radio-frequency part of your set. You then tune the oscillator 
to 1955 kilocycles to get a 455-kilocyclc beat note. This beat note 
feeds through the intermediate-frequency amplifier to the second 
detector. 

Questions 

1. Can yon hear the carrier wave from a radio broadcast station? 

2. How can you find the frequency of tin* beat note produced by the two radio- 
frequency waves? 

3. Suppose your set were receiving a station with a frequency of !)()(),()()() cycles. 
At what two frequencies could you set your beat oscillator in order to produce 
a beat note of 455,000 cycles? 

4. If you are receiving from a station with a frequency of 1,000,000 cycles, 
what frequencies will you apply to the grid of the mixer tube? Would there In* 
one, two, or three frequencies in the heat circuit of the mixer? 

5. If you are receiving from a station witli a frequency of 120,000 cycles, is it 
better to tunc the heat oscillator to a frequency above or below 120,000 cycles 
in order to get a heat note of 455,000 cycles? Give reasons for your answer. 

6. What is a test oscillator ? 

7. What is meant by attenuator control ? 

8. When lining up the secondary of the last intermediate-frequency unit, why 
is it necessary to use a screw driver with an insulated handle? 

9. Which intermediate-frequency unit is lined up first ? 

PART 3: HOW THE DIODE DETECTOR OPERATES 

How does the diode detector work? Now let us sec how the 
diode detector works. When the electrons in the diode tuning 
circuit surge as shown in Fig. 351, they draw electrons off the 
diode plate and make it positive. This draws electrons off the 
heated cathode of the diode tube. When the current in the coil 
reverses, it drives electrons onto the plate, making it negative, and 
no current flows through the tube (see Fig. 352). 

The resulting electron flow through the tube is a rectified pul- 
sating direct current, as shown in the wave picture, Fig. 353. The 
direct-current pulsations flow through the resistance C. As each 
surge is held up by the resistor, some electrons surge onto side A 
of the condenser. This drives electrons off side B. The condenser 
action tends to fill up the spaces in the wave-form picture when 




Fig. 353. Since the diode detector is a half-wave rectifier, it cuts off half of 
the radio-frequency wave. The output is still at radio frequency but now is in 
one direction. The radio-frequency surges are hunched in the load resistor and 
in the condenser into audio-frequency groups. 
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no current pulse comes from the diode tube. The condenser stores 
electrons from each surge and releases them into the circuit between 
surges. The result of this storage effect and of the slowing effect 
on the radio-frequency surges of the resistor connected across the 
condenser is to group the surges into audio-frequency hunches. 

If a voltmeter were connected across this resistor, it would show 
a steady voltage when a radio wave carrying no program was being 
received. But when a radio wave carrying a program reached the 
circuit, it would show a varying voltage across the resistor because 
of the changing strength of surges caused by modulation. The 
changing quantity of electron bunches surging across the resistor 
would force electrons on the amplifier-tube g’id and cause you to 
hear the program. 

How do you control volume on the diode detector circuit? When 
an electron surge passes through the diode, there is a greater pres- 
sure of electrons at X than at Y (see Fig. :551). 

You could connect a wire from X to the audio amplifier and use 
the resulting voltage to drive electrons on and off its grid. Bui 
by connecting a variable resistor at YF, you can use it as a 
volume control. 

Note that this circuit is similar to the resistance coupling used 
between a detector and an audio amplifier. 

PART 4: HOW AUTOMATIC VOLUME CONTROL WORKS 
Improvement 1 

Add automatic volume control (avc). The receiving set you 
have in your home probably uses the superheterodyne circuit you 
have just studied. But it has several added features that further 
improve its operation. One feature is the automaiic-volume-control 
circuit. 

What is one purpose of automatic volume control? The auto- 
matic-volume-control circuit has been built into most modern sets 
in one form or another. This circuit prevents or reduces annoying 
blasts of sound that occur when you tune across the dial with the 
volume turned up. In it electrons are fed from the second detec- 
tor back to the radio-frequency amplifier and the intermediate- 
frequency amplifier to cut down a strong signal and to build up a 
weak one. As is indicated by its name, it works automatically, 
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the signal itself supplying the controlling voltage. Only one of 

the more common types of 
automatic- volume-control cir- 
cuits is described here. 


6H6 


t megohm 



250,000 ohms > 
INPUT, 
avc * 


To Audio 


O.O! juf 


\ s OOOOluf 
0 05juf 


How to Build and Wire the 
Circuit 


Build this circuit on a small 
set board, and use it to re- 
place the diode-detector unit. 
Arrange the parts as shown in 
Fig. 854, and wire the circuit 
as shown in Fig. 355. 

Use the same tubes that were listed for the diode detector. The 


Fig. 354. Board layout for diode 
detector with automatic volume control 
(avc). The diode detector can be built 
with automatic volume ccntrol instead 
of building two separate boards. 


diode tube supplies the automatic- volume-control voltage. Note 
that only one section of the diode is used. 


Diode Detector 

Second t-f Unit (see caption ) Audio 



Fig. 355. Circuit diagram of the diode detector with the automatic volume 
control circuit added. Note that either one section of a duodiodc may be used, 
or a triode tube may be used as a diode by connecting the grid and plate together. 


How It Works 

A strong signal from the antenna passing through the radio- 
frequency amplifier, the mixer, and the intermediate-frequency 
amplifier and reaching the diode detector applies a strong signal 
to the grid of each tube. A strong current in the second detector 
circuit flows through the resistor A\ and produces a voltage drop 
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across it. There is more electron pressure at A than at B. The 
surge of current at point A makes the electron pressure high. This 
voltage through the wire marked “avc’’ in the circuit of Fig. 350 
drives electrons on the grids of the radio-frequency-amplifier tubes. 
These extra electrons increase the negative grid bias on each tube 
and cut down the output of the set. 

When the signal that reaches the second detector is weak and 
the automatic-volume-control voltage is low, there is less negative 
bias on the tubes, so that the signal through them becomes stronger. 

The 1-megohm resistor and 0. 05-microfarad condenser are a 
filter circuit that reduces variations in the autoinatic-volume- 



Fiu. 35G. Tliis partial circuit shows I lie connection from the diode detector to 
the grid of the tubes, which gi\c the volume-control action. 


control voltage so that the negative bias on the grids of the 
amplifier tubes is steady and does not change with the strength 
of the modulating signal. 

Improvement 2 

Add a multipurpose tube. Instead of using separate tubes for 
the second detector (and automatic- volume-control) and for the 
first audio amplifier, these two jobs can be performed in one tube. 
The 6Q7G is such a tube. It combines two diodes and a triode in 
one glass or metal envelope (see Fig. 357 for the symbol). This is 
called a dvodiode-triode (duo-diode-triode) tube. 

Note in Fig. 357 how the circuit is connected to this tube to 
combine both diode detector and first triode audio amplifier. 

There are several other points to note in this circuit. The 
resistor used for the diode load is made variable to act as a vol- 
ume control. Voltage from the diode detector is led to the grid 
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of the triode through the 0.01 -microfarad coupling condenser. The 
1-niegolun resistor is the grid leak for the audio amplifier. 

The 2500-ohm resistor and the 10-microfarad condenser provide 
the grid bias for the triode audio-amplifier section of the 6Q7. 

Why does it work? The theory of the operation of this com- 
bined tube is the same as that for the circuit in Figs. 317, 328, 
and 344. 



Ficj. S57. Here the single tube, the t>Q7G, is used as a diode detector, as the 
source of the automatic volume control (avo) voltage, and as the first audio 
amplifier. 


The new bias resistor and condenser, as connected here, provide 
a bias between the grid and cathode of the triode section of the 
tube. 


Question 

Ciive some advantages ami disadvantages of automatic volume control. 


Technical Terms 

avc- -Automatic volume control, which increases or decreases the sensitivity of 
the receiver as the signals vary in strength, 
diode detector — A detector which uses a two-element, or diode, tube, 
intermediate -frequency transformer Part of the new tuning circuit that oper- 
ates at high efficiency on a fixed frequency, 
mixer The first detector is often called a mixer because it mixes, or blends, the 
frequency set by the oscillator with the frequency of the incoming signal to 
produce a third, or intermediate, frequency, 
second detector —Generally a diode detector which follows the intermediate- 
frequency amplifier. It has the regular detector job of regrouping the modu- 
lated radio frequency so that audio-frequency signals can be supplied to the 
audio-amplifier circuits. 


CHAPTER 18 


SHORT-WAVE SETS 


When you studied radio waves and wave travel, you learned 
that a radio wave had two parts, or components. One. the ground 
wave, dies out after a relatively short distance, and the other, the 
sky wave, travels between the ionosphere layers and the earth 
over long distances. 

For many years amateurs were the only large group using the 
short-wave bands. Because these bands were thought to be of no 
use'for other services, they were turned over to amateurs for experi- 
mentation. Amateurs followed their hobby intensively, rebuilding 
their sets, trying new circuits, and making every effort to transmit 
and receive over greater distances. Many improvements came 
from their experiments, and they proved that the short waves 
held the secret of distance operation. 

In this chapter you will learn the following things: 

Part 1: The Features of Short-wave Sets 

Part 2: How to Build a Two-tube Short-wave Receiver 

Part 3: How to Construct Short-wave Plug-in Coils 

Part 4: How to Adjust the Number of Turns on Plug-in Coils 

Part 5 : How to Build and Operate the Tuned-rad io-frequency (trf) Amplifier 

Part 6: Improvement for the Tuned-radio-frequency Short-wave Receiver 

PART 1: THE FEATURES OF SHORT-WAVE SETS 

The short-wave receiver is different from the long-wave receiver 
principally in the size of the coils used in the tuning circuits and in 
the size of the variable tuning condensers. The short-wave sets 
use the same basic circuits that you used in the receivers that you 
worked with in earlier chapters. 

How can continuous -wave telegraphy be heard? Short-wave 
receivers for continuous- wave telegraphy use oscillating regener- 
ative detector circuits or a separate beat-frequency oscillator, so 
that the broken carrier wave formed by the key at the transmitting 
station may be made hearable in the receiver. Continuous- wave 
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(c-w) telegraphy cannot be heard on the simple nonoscillating 
detector. Refinements in the tuning system are needed, because 
the amateur and other short-wave bands are narrow and require 
sharp tuning. 

How are short-wave plug-in coils used? Since the amateur 
bands are separated and narrow, it is inefficient to wind one coil 
which will cover all of the bands. Instead, small coils are wound 
on forms that are fitted with pins, as on a tube base. Thus a coil 
which will tune over a narrow band of frequencies may be con- 
nected into the tuning circuit and easily exchanged for a coil of a 
different size when you wish to listen in on a different band of 
frequencies. In this way the same set will operate on many fre- 
quencies. The same tuning condenser is used for all bands. Fine 
tuning is done by a small condenser connected in parallel with the 
main tuning condenser and by using a slow-motion dial. 

A favorite circuit for beginners is a detector-amplifier circuit 
which may be improved later by the addition of a stage of tuned- 
radio-frequency amplification. It may be further improved by 
thorough shielding to form a fairly satisfactory communication 
type of receiver for the experimenter. 

This circuit is used by many amateurs for communicating over 
long distances by means of continuous-wave telegraph (code) or 
radio telephony. 

Antennas for short-wave receivers are described in Chapter 23 . 
A favorite antenna for these receivers is the doublet type. Many 
amateurs who have sufficient space have a separate doublet for 
each band in which they expect to operate. 

Many manufactured sets are equipped with assemblies of indi- 
vidual coils connected to a multiple rotary switch, so that bands 
may be changed merely by turning the switch. Parts manufac- 
turers’ catalogues show many different designs for these assemblies. 

PART 2: HOW TO BUILD A TWO-TUBE SHORT-WAVE RECEIVER 

The two-tube set shown here is a set-board unit with a metal 
panel. It is a combined detector and audio amplifier that you 
will build in order to familiarize yourself with the problems that 
come from the close spacing of parts in a more compact set. 

This set is easy to build and is a favorite with many amateurs 
for learning the international code and for listening to “ press,” or 
news, items sent out by commercial stations. 
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After you build a set, you can in a few weeks become familiar 
with its peculiarities of operation and learn to get the most out 
of it. It is sensitive enough to receive distant stations, and yet 
it is not so sensitive that it is hard to tune. 



FRONT OF PANEL 



Fig. 358. A two-tube, short-wave set. This shows the arrangement of the panel 
and of the parts on the breadboard. 

How to Build and Wire the Set 

Tubes. Use a 6J7 tube in the detector circuit and a 6C5 tube 
in the audio-amplifier circuit. 

Board Layout. Set the parts on the breadboard as shown in the 
board layout in Pig. 358. The detector-tube socket will be at the 
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left near the plug-in coil. The grid leads must be as short as 
possible. The coil must be at least 1^ inches from the tube and 
from the condenser on the panel. Any convenient arrangement, 
can be used for the parts of the audio amplifier. 


New Parts 

Coils. One or more plug-in coils, which you will wind, cover 
the frequency bands on which you wish to receive. Wind each 
coil on a six-pin form (sec Fig. 301). 


? 1° °)i 

Coil - p 
Connect >on r 



Fits. 35J). The two-tube* short-wave receiver schematic wiring diagram. 


Condenser . Use a small midget condenser of 100 micromicro- 
farads capacity for rough tuning and a midget condenser of 15 
micromicrofarads capacity for fine, or band-spread, tuning. 

Grid Condenser and Leak . Use a 0.0001-microfarad grid con- 
denser with a 2-nicgohm grid leak in the detector circuit of this 
short-wave set. 

Other Parts 

The other apparatus in this set is the same as that used for the 
detector and amplifier circuits described in Chapter 10. 
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The Tuning Circuit 

Follow the circuit diagram in Fig. 359 carefully. Run a wire 
from the grid coil to the grid condenser and grid leak and another 
from there to the grid of the 6J7 detector tube. Make these wires 
as short as possible, both for efficient operation and to prevent 
feedback from the plate wires. Keep wires from the grid coil to 
the tuning condensers as short as possible. Use a vernier dial for 
fine tuning on the band-spread midget tuning condenser. 

Keep the plate leads short and as far as possible from the grid 
leads. Run the plate leads at an angle to the grid leads. 

Wiring Precautions 

Wire the short-wave set especially carefully. Sets operating on 
the higher frequencies are more affected by noise and poor con- 
nections than are the long- wave sets. Solder all joints. Mount 
all parts solidly, so that no vibration of any parts will occur during 
tuning. 

Question 

Compare the size of the grid condenser in short-wave sets with this condenser 
in broadcast sets. 

PART 3: HOW TO CONSTRUCT SHORT-WAVE PLUG-IN COILS 

Coils for the high-frequency bands (frequencies above 1500 kilo- 
cycles) are wound on smaller coil forms than are coils used for the 
low-frequency, or broadcast, receivers. 

Building the Coils 

You will build four coils so that their tuning ranges will overlap. 
The tuning range will start at about 1500 kilocycles and cover up 
to 18,000 kilocycles. You will see how coils using tube bases and 
tube sockets are constructed. 

Make the coil forms. Obtain a 10-inch length of 1-J-inch (out- 
side diameter) Bakelite tubing with a jVinch wall. Tubing of 
this size will just fit over a medium tube base. It may be possible 
to find tubing of the correct size from that which was used for a 
coil form in an old set. Coil forms, complete with pins, can be 
purchased at your radio-supply store if you do not wish to build 
them. 



426 


UNDERSTANDING RADIO 


Saw the tubing into four pieces 2 |- inches long. Use a fine blade 
in the hack saw. Turn the tube while sawing to prevent the saw 
from chipping the edges of the tube. Smooth the ends of the tube 
with a coarse file. Finish by rubbing the ends on a piece of sand- 
paper laid flat on the workbench. 

Fasten the coil form to a tube base. Slip the Bakelite tube over 
the tube base (see Fig. 360). 

With a sharp point, mark the position of four holes about f inch 

from the lower edges of the Bakelite 
tubing. Drill 75 -inch holes at the marks 
through both the Bakelite tubing and the 
tube base. 

Drive four hardwood pins into the 
holes, and cut them off flush with the sur- 
face of the tubing. These pins will hold 
the tube base firmly in position in the 
tubing. Metal pins would lower the effi- 
ciency of the coil somewhat. 

How are the coils arranged? The grid 
coil is placed at the top of the coil form 
as far as possible from the metal parts of 
the base. The effect of metal near the 
grid coil is very appreciable at high fre- 
quencies. The efficiency of the plug-in 
coil with the grid coil at the lower end of 
the form is much less than when the grid 
coil is wound at the top of the form. The 
signals are weaker and the tuning is less 
sharp. 

Because the plate and antenna coils are 
little affected by their nearness to the tube 
pins, they can be safely placed at the bottom of the coil form. 

Wind the grid coil. Drill a small hole in the tubing about 
iV inch from the upper edge of the form, and fasten the wire at 
the end of the grid coil by passing it through the hole. Make this 
hole opposite the pin to which the grid end of the coil is to be 
^soldered (see Fig. 361). 

Scrape the insulation off the end of the wire for about ^ inch. 
Slip the end of the wire through the hole in the tubing, run it 



Fig. 360. A cutaway view 
showing how the coil form is 
fttvStcned to the tube base. 
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down through the hollow pin, and bend it back over the end of 
the pin to hold it while you are winding the coil ; fasten the other 
end of the wire in a vise or around a nail. Wind on the grid coil 
the number of turns shown on page 428 in the Coil-winding Table, 
grid-coil column. Keep the wire 
tight. Count the turns by sliding a 
screw-driver blade lightly over the 
coil; you can hear a light tap as the 
blade drops from wire to wire. 

After the proper number of turns 
is wound, allow about 6 inches more 
and then cut off the wire. Hold the 
end of the winding in place. Mark 
the position of the end of the grid 
coil in line with the pin shown in 
Fig. 3(>1, and drill a hole. Slip the 
wire through the hole, and pull it 
tight; then run the wire through the 
base pin, and bend it over to hold 
it in place. 

Wind the plate and antenna coils. 

Now drill a hole to start the plate- 
coil winding about g inch away from 
the grid coil (see Fig. 301 for the 
position of the hole). Use No. 28 
or 30 wire. Wind both the plate 
and antenna coils in the same direc- 



FiCi. 3(51. This is the six-pin coil 
form and its wiring diagram. 


tion in which the grid coil is wound. Wind the antenna coil with 
the same size of wire as used for the other coils. Start it about 
^ inch from the plate coil. 

Fasten the coils in place. When all of the coils have been 
wound, clean the wire ends extending through the base pins, and 
fasten them with a drop of solder. 

Paint the coils with nail polish, clear lacquer, or coil dope to 
hold the windings in place, so that they will not loosen when the 
coils are plugged in and out of the socket. 

Wind the 20-meter coil. The turns of the 20-meter grid coil 
must be spaced apart the width of the diameter of the wire to 
keep down distributed capacity. This is done by winding two 
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wires of the same size side by side. When the winding is finished, 
one wire is removed and the remaining winding is fastened in place 
with collodion, nail polish, lacquer, or coil dope. 

The wire used on the 20-meter coil may be bare or covered with 
silk, cotton, or enamel, and may be No. 18 or 20. 

Questions 

1. Describe the most efficient method for fastening the Bakelite tubing onto 
the tube base. 

2. Why is the grid coil placed at the top of the tube? 

3. What is t ho disadvantage of using a small size of wire for the grid coil? 

4. Explain how to space wind a 20-meter coil. 

6. Why is spaced winding necessary? 

Coil-winding Turns 

The Grid Coil . The number of turns on the grid coil controls 
the range over which the set will tune when shunted with the 
given tuning condensers. At first, wind on more turns than you 
will need (see the Coil-winding Table); then cut off turns until the 
desired tuning range is covered. 

The Plate Coil. The number of turns on this coil controls the 
feedback and the regeneration. Wind on too many turns (see 
table). Then cut off a turn at a time until the set goes into oscil- 
lation with the variable resistor at about the center of the dial. 

The Antenna Coil . The number of turns on this coil is not 
important. Wind on enough turns to give a good transfer of 
energy to the grid and plate coils. Try adding to the number 
of turns to see if the signals will be louder. 

Too many turns or too close spacing between the antenna coil 
and the grid coil will cause broad tuning and may cause dead spots 
where the set will not oscillate. If there is too much coupling 


(’oil-winding Table 


Frequency 

(«rid coil, 
turns 

Plate coil, 
turns 

Antenna coil, 
turns 

Wire size for grid 
coil, number 

1750 

00 

80 

10 

28, double silk cover 

8500 

80 85 

10 

6 8 

22, double silk cover 

7000 

14 

5 

1 0 

22, double silk cover 

14, 000 

5* 

5 

5 

18, enameled cover 


* Must Ik* space wound (see page 427). 
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between coils, increase the space to about \ inch, or take of! a 
few turns. 

The connection of each coil to the base pins is made in such a 
way that crossing is avoided in the set wiring. 

Questions 

1. The range over which the set will tune is controlled by the number of turns 
on which coil ? 

2. The feedback and the regeneration are controlled by the number of turns 
on which coil? 

PART 4: HOW TO ADJUST THE NUMBER OF TURNS ON PLUG-IN COILS 

What is the effect of different sizes of wire? You will find the 
number of turns for a coil by winding on too many turns and then 
removing turns until the set works well. If the wire size given in 
the table is used, little adjusting will be necessary. Possibly, the 
set will not oscillate at all or will oscillate so violently that it will 
squeal. 

Here is a handy rule for selecting different wire sizes: If you use 
smaller wire than that specified, wind on the number of turns called 
for in the table. The effect of using smaller wire will be the same 
as winding too many turns on the coils. Turns can then be cut off 
to make the coils work properly. If larger wire is used, wind on 
2 extra turns for every 10 turns called for in the coil-winding 
instructions. 

Experiment with the first set of coils. It is a good idea to wind 
test coils with scrap wire. The first coils will then be experimental, 
and you will not feel particular about their appearance and will 
not be reluctant to add or cut off turns. After the first coil is 
wound and adjusted, a better looking coil of exactly the same 
number of turns can be wound on the same form. 

Adjust the plate coil first. All three coils must be wound in the 
same direction; unless this is done, the circuit will not oscillate. 
The set must oscillate to receive code and to locate short-wave 
stations, especially the distant ones. Reverse the connections to 
the plate coil if the set will not oscillate. 

Adjust the B voltage. Use the correct B voltage for the (>J7 
tube (see Fig. 359). If the B voltage is too high, the set will 
squeal and will be hard to adjust for sensitivity. It will go into 
oscillation too easily. 
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If too many turns arc wound on the plate coil, the set will oscil- 
late too strongly and may squeal or “pull over” into oscillation. 
This is shown by either a bad audio howl or too loud a pop in the 
phones when the grid wire is touched with the finger. 

Cut off turns, one turn at a time, until the set oscillates gently 
with the resistor set half in. Too large a grid leak will cause oscil- 
lation to start with a loud bang instead of a soft thud. 

What is the effect of too few turns? When too few turns are 
wound on the plate coil, the set will not oscillate. Oscillation 
will not start even when the resistor control is turned to the low- 
resistance position or when the B voltage is increased. The remedy 
is to add about twice as many turns of wire as you think you will 
need, so that there will be extra turns to cut off. Wind the extra 
turns on top of the coil if necessary. 

Now adjust the grid coil. The number of turns on the grid coil 
and the capacity of the tuning condenser determine the width of 
the frequency band over which the set will tune. The maximum 
and minimum capacity of the tuning condenser are fixed, and so 
the only way you can change the width of the frequency band 
over which the set will tune is to change the number of turns on 
the grid coil. 

Wind more turns on the grid coil if you want the coil to reach a 
lower frequency. Take off turns if it tunes to too low a frequency. 

It will be found that changes in the number of grid-coil turns 
have some effect on regeneration. Adjust the number of turns on 
the plate coil after changing the grid coil, if this is necessary. 

Adjust the antenna coil. The antenna coil must have turns 
enough to induce in the grid and plate coils the voltages that will 
operate the set. Too few turns will not supply enough energy to 
the set to enable you to hear the signals in the phones. The set 
will not be sensitive. Weak and distant signals will not be heard. 

Putting too many turns on the antenna coil makes the coupling 
so close that tuning is broad, and it is hard to separate stations 
with the tuning condenser. The set will go out of oscillation at 
different places on the dial. When this happens, either remove 
turns from the antenna coil or space the coil farther from the plate 
coil to loosen the coupling. The antenna coil is the least difficult 
of the three coils to adjust. 
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Adjust the high-frequency coils. These coils are the most diffi- 
cult to adjust. At the higher frequencies, feedback is greater. 
These two coils often go out of oscillation at one or more places 
on the condenser dial. This occurs when the antenna is in reso- 
nance with the grid coil. The antenna circuit then draws enough 
energy from the set to stop oscillation. 

Oscillation can be started again by increasing the plate voltage 
or by adding to the turns on the plate coil. Change i:i plate volt- 
age is not desirable. The plate voltage should be the same for 
all coils. If adding to the turns not only starts oscillation but 
also starts howling, some other method must be found to keep the 
set oscillating. For example, the antenna may be shortened or 
lengthened a few feet. When the length is right, the set will 
oscillate over the whole condenser range. A small variable con- 
denser in series with the antenna has the same effect but adds 
another adjustment. Try changing the number of turns on the 
antenna coil. Also rewind the antenna coil farther from the plate 
coil. This will make looser coupling between the coils and may 
solve your trouble. 

Questions 

1. If you are using smaller wire than is listed in the table, will ii be necessary 
to wind on more or fewer turns than are called for? 

2. How is the operation of a set affected by insufficient turns wound on the 
plate coil ? 

3. Is the frequency band over which a set will tune controlled by the condenser 
or by the number of turns on the grid coil? 

4. Explain why sets on the high-frequency band will often go out of oscillation 
at certain places on the condenser dial. 

6. Make a list of methods for correcting faulty oscillation on short-wave sets. 

PART 6: HOW TO BUILD AND OPERATE THE TUNED-RADIO-FREQUENCY 

(TRF) AMPLIFIER 

Why is a radio -frequency amplifier added? When you used a 
radio-frequency amplifier while studying alternating-current sets in 
Chapter 16, you found that this amplifier increased the sensitivity 
and range of the receiver. If you now add a radio-frequency ampli- 
fier to your short-wave receiver, you will increase the receiver's 
sensitivity to weak signals and also its operating range. The 
tuned-radio-frequency (trf) receiver is an excellent set to experi- 
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ment with as you study the construction and operation of amateur 
receivers. It is relatively easy to build and to operate. The addi- 
tion of the tuned-radio-frequency stage also sharpens the tuning of 
the receiver and makes it more selective. Such a set is normally 
operated with earphones when you are receiving amateur signals. 
You can adapt it as a broadcast receiver by using the proper coil 
sizes and adding a power-amplifier tube and a dynamic speaker. 

While the set described here is not the last word in efficiency, 
it is efficient enough for long-distance amateur telegraph and tele- 
phone use, and it is inexpensive and easy to tune. It uses parts in 
its construction which can later be used for a more efficient set. 

You will find it convenient to build this set first in three units. 
Mount the detector and the audio amplifier on one baseboard and 
the radio-frequency amplifier on a second baseboard (see Fig. 362). 
The power supply is a separate unit. This scheme allows you to 
get the detector-amplifier set in efficient operation before you 
attempt to build and line up the radio-frequency amplifier. The 
circuit is laid out breadboard style so that you can experiment 
with it easily. The parts are separated enough to avoid feedback 
from coupling between stray radio-frequency or magnetic fields. 

How is the set shielded? You found in Chapter 12 that shield- 
ing was needed in regenerative receivers to avoid the effect of body 
capacity, which changes tuning and feedback as you move your 
hand near the tuning and control knobs. 

Since the tuned-radio-frequency set you are now building will 
operate on the higher frecpiencies, you will find the effect of body 
capacity and stray fields to be greater than with the sets you built 
and operated for the broadcast frequencies. It will now be neces- 
sary to build a better shielded set than before and to use greater 
care in wiring. 

There are several ways to reduce this body-capacity effect. One 
way you learned in Chapter 12 was to connect the rotor of the 
tuning condenser to B minus. Another way was to place a 
grounded metal plate just behind the tuning dials. 

Many shielding problems are easily solved by mounting the 
controls on a grounded steel or aluminum panel. If you use glass 
tubes, you will need individual copper or aluminum shield cans 
over the radio-frequency tube and the detector tube. Each tube 
shield must be connected to the B-negative wire. The B-minus 
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terminal should also he wired to ground. If you use metal tubes, 
you will need no shields, since the shell of the metal tube acts as a 
shield. 



FRONT OF PANEL 



BACK OF PANEL 

Fig. 302 . The radio-frequency amplifier for the short-wave receiver. This 
shows the arrangement of the panel and of the parts on the base. 

Place the parts of this set as shown in the board layout (see 
Fig. 362), with the radio-frequency coil far enough from the detec- 
tor coil to prevent feedback and poor tuning. The plug-in coils 
seldom need shielding unless you are working with an extremely 
sensitive receiver. A coil shield may even be harmful. If the 
shield is too close to the coil (too small in diameter), the metal 
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will absorb energy from the magnetic field of the coil and cut down 
on the strength of the signal. You will need no coil shield on this 
receiver. 

How to Build and Wire the Radio-frequency Amplifier 

27 te Panel. TTse a sheet of rg-inch aluminum about 6 inches 
high and 9 inches long. Aluminum is pleasing in appearance, easy 
to drill and cut, and not too expensive. Such a panel is 7’igid 
enough to support the tuning condensers and resist or. Other 
suitable materials for the panel are galvanized iron, brass, or 
masonite. Brass or iron sheets X V inch thick are stiff enough to 
support the apparatus mounted on them. Masonite is popular 
because it is so easy to work and because it is inexpensive. Foil 
cemented to the back of the masonite panel is an effective shield. 

Questions 

1. To wliat must the tube shields lie grounded? 

2. Is the band-spread condenser connected in series or in parallel with the 
main tuning condenser? 

3. List the parts of one stage which must be shielded from certain parts of the 
next stage. 

4. Is a copper shield or an aluminum shield better for radio-frequency shielding ? 

6. Is iron better than copper for audio-frequency shielding? Which metal is 

better for radio-frequency shielding? 

The Panel Control#. The kinds of dials you expect to use deter- 
mine the position of the mounting holes on the panel. You will 
need two tuning dials for this set. You can use a small knob and 
pointer for the band-set condenser. Use a slow-motion dial for 
the band-spread condenser in the center of the panel. 

Mount a toggle switch on the panel to cut off the B voltage 
while you are experimenting with your set. 

Drill three holes near the lower edge of the panel for roundhead 
wood screws to fasten the panel to the edge of the wood base. 

Position of the Parts on the Baseboard 

Place the parts on the baseboard as shown in the board layout 
(see Fig. 3(52). 

Place the band-set condenser at the left of the panel. Place the 
plug-in coil behind the band-set condenser, so that the tuning cir- 
cuit leads will be as short and direct as possible. Place the socket 
of the radio-frequency amplifier tube near the coil socket so that 
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the grid lead will be short. Fasten the parts in place with wood 
screws. 

How to Wire the Set 


Use insulated push-back wire for making connections between 
parts. Run the connecting wires from part to part as directly as 
possible. Keep all wires as short as is practical. In this set you 



Fig. 30*3. The schematic diagram of the radio-frequency amplifier for the short- 


wave receiver. 

will no longer be able to follow the appearance of the circuit dia- 
gram. The circuit is shown in Fig. 363. 

How to Operate It 

The operation of this set is no different from that of other regen- 
erative circuits you have studied. Attach the heater and B-supply 
wires to the radio-frequency amplifier, and attach its output to the 
A posts and ground posts on the detector-amplifier board. J urn 
on the power supply. A our set is in operation as soon as the tubes 
warm up. 

Step 1, Adjust the detector regeneration control so that the 
set is in oscillation. 

Step 3. Tune the detector band-set condenser (see Fig. 362) 
until you hear the carrier whistle of a station. \ou will probably 
tune through a group of whistles, because this large condenser can- 
not be set accurately on any one signal. 
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Step 3 . Tune in the station you wish to hear with the detector 
band-spread slow-motion control. You will find it relatively easy 
to pick out a station with this control. You will do most of your 
tuning with the band-spread dial. 

Step Now repeat the tuning with the radio-frequency ampli- 
fier controls. You will find that tuning the radio-frequency ampli- 
fier causes the signal to increase greatly in strength. As you 
become acquainted with this set, you will find that the radio- 
frequency amplifier and the detector tune together. 

PART 6: IMPROVEMENT FOR THE TUNED -RADIO -FREQUENCY 
SHORT-WAVE RECEIVER 

Improvement 1 

Mount the parts on a metal chassis. The chassis is an open 
metal box (see Fig. 30 4). You can either purchase or build 

the chassis. Purchased chassis are 
made of 20-gauge cadmium-plated 
steel. This set can be mounted 
on a standard chassis in. X 7 
in. X 9 in. in size. You can make 
the chassis of 20-gauge galvanized 
or tinned (bright) sheet metal (see 
Fig. 404 for the cutting and bend- 
ing diagrams). 

You can mount the three-tube 
set on a single metal chassis and 
save considerable space. This 
arrangement is also convenient to 
wire. Mark the size of the sheet 
metal as shown in Fig. 304. Draw 
lines inches from the edges of the metal. This is the depth of 
the chassis. Cut out the four corners, and bend on the dotted 
lines to form the chassis. 

The Panel . Fasten the panel to the front of the chassis with 
four small roundhead machine screws. C'ut holes through the 
chassis for the sockets with a knockout punch or a circle cutter. 

The Wiring. Drill -inch -diameter holes for wires which must 
run through the chassis. Mount the wafer sockets for the tubes 
under the chassis by means of two small machine screws. 



Fig. S()4. The chassis layout. 
Draw on the chassis metal the 
shape showu here. Cut out the 
corners, bend on the lines, and you 
have a chassis for your set. 
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Only the plug-in coils, the tubes, and the tuning condensers are 
placed on top of the chassis. The wiring is done under the chassis. 
In this way, the wires which carry radio frequencies are shielded 
from the tubes and from the coils. The audio transformer may 
be placed above or below the chassis. 

Any part in the circuit which is to be grounded is soldered to 
soldering lugs bolted to the chassis. 

' Wire the set with “push-back” wire. 

Improvement 2 

Place the power supply on the same chassis. If you use this 
tuned-radio-frequency set for amateur operation or wish to dress 
it up in appearance, you will find a separate power supply and the 
necessary connection wires a nuisance. They are unsightly and 
in the way on the operating table. You can save space and wiring 
by using a larger chassis and mounting the power supply on the 
same chassis as the set. 

Select a well-shielded transformer for the power supply. The 
shielding will reduce hum. (hit a hole through the chassis for 
the connection lugs, which are generally on the underside of the 
transformer. 


Question 

Why are such parts as the plug-in coils and tuning condensers placed above 
the chassis? 


Technical Terms 

band set — A term referring to the condenser used for coarse tuning. It is set 
to the highest frequency on the hand. Tuning in the relatively narrow hand 
is done with a second condenser connected in parallel across the hand-set 
condenser. 

band spread — The low-capacity condenser used for fine tuning. It spreads the 
hand because the stations are farther apart in its dial. 

chassis —The open metal pan on which the parts of a set an* mounted. 

c-w — The abbreviation for continuous wave, a term used to descrilie the form 
of telegraphy widely used by amateurs and commercial radio-telegraph stations 
for long-distance communication. 

plug-in coils — Coils on forms with pins and base similar to those used on tubes. 
Each plug-in coil covers a narrow section of the frequency hands on which 
the set will operate. The plug-in coils are found in sets built by experimenters. 
Commercially built sets use a special type of rotary switch and many coils to 
avoid the inconvenience of changing coils. 



CHAPTER 19 


PUBLIC-ADDRESS UNITS 


A microphone has a peculiar fascination. Set one on a table, 
and it always attracts attention. Attach it to an amplifier and a 
speaker, and you have a public-address unit that will boom out 
your voice. 

A public-address unit is relatively simple. It consists of a 
microphone, a preamplifier to build up the weak voice-current 
changes in the mike circuit, a power amplifier to build up final 
volume, a power supply, and a speaker. 

You have studied and used all these units except the microphone. 
You can use in your public-address set the same amplifier units 
that you have used for either the battery or the alternating-current 
receiver. For the power supply, you can use either of the two 
types (with or without transformer) that you studied in Chapter 14, 
“Power Supplies,” or you can use batteries. 

You can make the simple unit into a high-quality public-address 
set by adding several refinements. You can add different tone 
controls to improve music quality. You may also wish to substi- 
tute a phonograph pickup for the microphone, so that your ampli- 
fier can be used to play your favorite records. You may wish to 
use more than one microphone, so that several persons can talk 
over the public-address unit and take part in a quiz type of pro- 
gram. You can arrange your set so that it has one microphone 
for an announcer, another microphone for a piano, and another 
for a singer. Many other combinations are also possible. You 
can use several loudspeakers to cover different rooms or to give 
good sound coverage in an auditorium. 

Many w r ho plan to make radio their vocation get their start in 
business by renting out public-address units. These units are 
always in demand to play records for dances. Public-address 
units are also used at political meetings to carry the speaker’s 
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voice to all parts of the auditorium. Church and social gatherings 
find many uses for public-address units. A microphone installed 
in a pulpit helps carry the minister’s voice into all parts of the 
auditorium in a church that has poor acoustic properties. Call 
systems between offices are a widely used form of public-address 
unit. Installing or renting these units is a good source of income 
for many a radioman. 

In this chapter you will learn the following things: 

Part 1: The Parts of a Public-address Unit 

Part 2 : The Characteristics of Microphones 

Part 3: Several Types of Microphones 

Part 4: How to Build a Simple Public-address Set 

Part 5: How to Build a More Powerful Public-addrcs , Ymplifier 

Part 0: How to Attach a Record Player to Your Amplifier 

Part 7 : How the Phase-inverter Audio Amplifier Operates 

Part 8: IIow to Connect Distant Loudspeakers 

Part 9: How to Build an Interoffice Intercommunicator Circuit 

Part 10: The Explanation of Power-amplifier Bias 

The group of microphones you will study in this chapter intro- 
duces a new group of symbols (see Fig. 305). It is difficult to 
show a picture of the different microphones, because the same case 
shape is often used for several kinds of microphones. The carbon 
and the velocity have distinctive cases. 

PART Is THE PARTS OF A PUBLIC -ADDRESS UNIT 

A block diagram will show in simple form the different units of a 
public-address set (see Fig. 306). Although this simple unit can 
be easily assembled, it illustrates well the action of a public-address 
unit. Examine the block diagram, and learn the different parts 
of the public-address unit and the job done by each. 

The microphone picks up sound waves from the air and converts 
them into weak pulsating currents and voltages. 

The preamplifier , or speech amplifier, builds up the pulsating 
voltages delivered by the microphone until they are powerful 
enough to operate a power audio amplifier. 

The poiver amplifier further builds up the signals until they are 
powerful enough to operate a speaker. The speaker uses the alter- 
nating current delivered by the power amplifier to reproduce sound. 

The power supply is the source of filament, or heater, current 
and the high voltage for the plates and screens of the tubes. 
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THE PART 


THE SYMBOL 


Genera / Microphone Symbol 


Carbon Microphone 


0 = 

D= 


Crysia/ Microphone 



Dynamic Microphone 



Condenser Microphone 



Velocity Microphone 



Fig. 3G5. New symbols first used in this chapter. 


Power 

Microphone Preamplifier Amplifier 



Power Supply 


Speaker 

O 


Fig. S6G. The public-address set is made up of these units, all of which you have 
studied except the new microphone units. 
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PART 2: THE CHARACTERISTICS OF MICROPHONES 

In your study of radio you should heroine familiar with the 
several types of microphones and know some of their general char- 
acteristics. These types are the carbon, the crystal, the dynamic, 
the velocity, and the condenser microphones. The single-button 
carbon microphone is used for portable purposes, such as walkie- 
talkies, police cars, taxis, trucks, busses, and trains. The crystal 
microphone is most widely used by radio amateurs and in public- 
address work. The dynamic, the velocity, and the condenser 
microphones are used in broadcast studios and in very high quality 
public-address work. 

How should a microphone be selected? In this chapter you 
will study standard forms of microphones and become acquainted 
with their characteristics. You will want to know something 
about their cost, their sensitivity, their frequency response, their 
ruggedness, and any special characteristics which may help you to 
select a type for a definite use. 

Coat. Cost is important if you are selecting a microphone for 
use with your public-address amplifier or for an amateur or com- 
mercial radio-telephone transmitter. The carbon microphone is 
the cheapest and the condenser the most expensive, the others 
ranging in price in the order in which they were mentioned above. 

Sensitivity. Sensitivity determines the number of stages of 
audio amplification between the microphone and the power audio 
amplifier. The carbon microphone needs the least amplification 
and the condenser the most. 

Frequency response. This determines the type of microphone 
to select to pick up fine music or to use with an ordinary telephone. 
Frequency response refers to the range of frequencies a microphone 
will handle. The microphone used to broadcast a symphony must 
have a higher frequency response than one used for an ordinary 
telephone. It must be able to handle the high frequencies which 
give brilliance to the music. A telephone microphone handles the 
much lower frequencies of ordinary conversation. The carbon 
microphone has the poorest frequency response and the condenser 
the best. 

Ruggedness. This is important in selecting a microphone for the 
rough handling a walkie-talkie, a car, or a rental public-address set 



442 


UNDERSTANDING RADIO 


will receive. A more delicate type of instrument can be used in 
laboratories or broadcast studios. The carbon microphone is the 
most rugged and the condenser the most delicate. 

Each microphone is described in detail in Part 3. You can 
learn there the advantages, the construction, the characteristics, 
and the operating principles of each type of microphone. 

How is the microphone coupled to the preamplifier? The differ- 
ent microphones you will study must be connected to the preampli- 
fier through a coupling circuit. The purpose of this circuit is to 
match the impedance of the microphone to the very high imped- 
ance of the preamplifier tube. 

The low-impedance microphones — the carbon, the dynamic, and 
the velocity —are coupled to the preamplifier grid through a trans- 
former. The transformer is mounted in the microphone housing 
(dynamic and velocity) but is separate for the carbon microphone. 
The primary of the transformer has approximately the same imped- 
ance as the microphone, from 5 to 10 ohms, and the secondary has 
a very high impedance in order to work well with the high imped- 
ance of the grid circuit. 

The crystal and condenser microphones have very high imped- 
ance, so that they can be coupled directly to the grid through a 
fixed condenser. The coupling circuit for each microphone is 
shown with the description of the microphone in Part 3. 

PART 3: SEVERAL TYPES OF MICROPHONES 

Carbon Microphones 

Carbon microphones are the least expensive of the types you will 
study. They will reproduce sound with reasonably good quality. 
The carbon microphone requires less amplification between the 
microphone and the power-amplifier tube than other types of 
microphone. A disadvantage of this microphone is the back- 
ground hiss caused by variations of current flow between the 
carbon grains. 

The transmitter used on the telephone in your home is a single- 
button carbon microphone designed for rugged service in the 
hands of persons who are not accustomed to handling sensitive 
instruments. 

How is the microphone made? The operating parts of the 
single-button carbon microphone shown in Fig. 367 are a paper 
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-Pttper cone 


— Carbon 
groins 


cone and an insulating cup which contains tiny carbon granules. 
Two contacts, one mounted on the paper cone and the other inside 
the insulating cup, are used to connect 
the microphone to the preamplifier 
circuit. 

Examine the circuit shown in Fig. 368 
for the single-button microphone. The 
external voltage of 1.5 volts required for 
this microphone may be obtained from 
an ordinary flashlight cell. Either the 
cell should be removed or the microphone 
plug pulled out when the set is not being 
used, so that the cell will not run down. 

How does the single-button micro- 
phone work? Direct current from the 
battery, as shown in Figs. 367 and 368, 
flows to the diaphragm through the 
carbon grains and the microphone-trans- 
former primary back to the battery. Sound waves (see Fig. 369) 
cause the diaphragm to move. The compression part of the sound 
wave pushes the diaphragm in one direction, and when the rarefied 



Carbon 
retainer 


Cose 


^ Cap 

Fig. 367. The construction 
of a single-button carbon 
microphone. 


Preamplifier 



Fig. 368. The circuit for a single-button carbon microphone. 


part of the sound wave arrives, the diaphragm moves in the other 
direction. When the diaphragm moves during the compression 
part of the sound wave, the carbon granules in the insulating cup 
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are pushed together. This reduces the resistance of the granules 
to the passage of the battery current. Current can flow more 
easily through closely packed grains than through grains that are 

loosely packed. At this in- 
stant more current flows 
through the microphone, and 
this surge induces a voltage in 
the secondary circuit of the 
t ransf ormer. During the rare- 
fied part of the sound wave, 
the microphone current be- 
comes smaller, and a voltage in 
the opposite direction is in- 
duced in the transformer secondary. Tlius the sound wave causes 
an alternating voltage to appear between the grid and cathode of 
the preamplifier tube. 

The Crystal Microphone 

This is one of the best types of microphones. It will stand 
ordinary handling, but severe jars will break the mounting or the 
Rochelle-salt crystals. Heat also will damage the Rochelle-salt 
crystals. No external power is required for this microphone, and 
since it is fairly inexpensive, it 
makes a fine instrument for 
general use. It has very good 
frequency response. 

How is the crystal micro- 
phone made? Two Rochelle- 
salt-crystal slabs about 0.01 
inch thick, with foil cemented 
on both faces, are clamped to- 
gether to form a tiny sound cell 
(see Fig. 370). 

Circuit. As shown in the circuit in Fig. 371, a crystal micro- 
phone is connected to the grid of the preamplifier stage through 
a coupling condenser. No external voltage is needed with this 
circuit. 

How it works. Sound waves cause the slabs to vibrate and to 
bend apart in the center. This vibration sets up a weak voltage. 


Connector - 
rod 


Cryst-a/ 

s/abs 



Paper cone or 
diaphragm 


Connection 

wires 


Supports 


Fig. 370. This is the operating mecha- 
nism of a crystal microphone. 
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Fig. 369. Sound waves cause the dia- 
phragm of the microphone to move. 
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Several of the sound units are connected together to deliver more 
voltage than would one unit. 


0.01 juf Preamplifier 



Questions 

1. Is the crystal microphone very rugged ? 

2. Compare its cost with that of the other types. 

3. Is it directional? 

4. Does this microphone have good tone quality? 

6. Do you need to connect a battery in the crystal circuit? 

6. What type of coupling is best between the amplifier stages for this 
microphone ? 


/ Pro feeling 
\ case 


Dynamic Microphones 

The dynamic microphone is a rugged and not too expensive 
instrument. It has excellent 

, . Diaphragm N 

frequency response and is 
about as expensive as a crystal 
microphone. 

How is the dynamic micro- 
phone made? This micro- 
phone is similar in many ways 
to the permanent-magnet 
(p-m) dynamic speaker. (The 
permanent-magnet dynamic 
speaker is often used as a micro- 
phone.) A coil is mounted on 

the diaphragm as in a dynamic speaker (see hig. 372). 1 he power- 

ful magnetic field in which the small coil moves is supplied by a 
heavy permanent magnet. 

Circuit. The voice coil, as shown in Fig. 373, is connected to 
the primary of the microphone transformer. Ihe use of the per- 
manent magnet makes unnecessary a field-supply current. 
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How it works. Sound waves cause the diaphragm to move back 
and forth. This causes the coil to move in the powerful magnetic 
field of the permanent magnet. The variations in the motion of 
the moving coil follow the variations in the sound waves and pro- 
duce alternating currents in the primary of the microphone trans- 
former. A current is produced in the wires of the voice coil 
attached to the diaphragm as the coil moves in the magnetic field. 

Preamplifier 


B 

Dynamic 
Microphone 

Microphone 

Transformer 

Fig. 373. The eireuit for the dynamic microphone. 

Questions 

1. Is the dynamic microphone a rugged instrument? 

2. Compare its cost to that of other types. 

3. Is it directional ? 

4 . IIow much amplification is needed? 

6. l)o you need to connect a battery in the circuit? 

6. Compare its tone quality with that of the other types. 

7. Compare its operation with that of the dynamic speaker. 

The Condenser Microphone 

The condenser microphone is a good all-purpose instrument 
which has the finest frequency response of the microphones you 
will study. This instrument is delicate, however, and should not 
be jarred. It is quite expensive, which limits its usefulness in the 
amateur and experimental field. It is not especially directional. 
It requires more amplification than the carbon button microphone. 

How is a condenser microphone made? A stretching ring simi- 
lar to that used in the carbon microphone stretches, or supports, 
a 0.001-inch-thick duralumin diaphragm at a distance of about 
0.001 inch from a heavy metal back plate. The duralumin sheet 
is insulated from the metal plate by an insulating ring to form a 
condenser (see Fig. 374). No dust or moisture must get between 
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Back J 

plate n 


TK Insulating 
spacer 


[a Duralumin 
diaphragm 


the diaphragm and the plate. The mounting for this instrument 
must be carefully made to prevent any shocks from reaching the 
diaphragm. 

Circuit. The wiring diagram (sec Tig. 'MB) shows that ISO volts 
must be connected across the diaphragm and the plate of the con- 
denser microphone. 

How it works. Sound waves strike the 
diaphragm and cause it to move nearer 
or to spring away from the back plate. 

When the diaphragm is near the back 
plate, the capacity of the condenser is 
increased, and a surge of current flows into 
it from the microphone power supply. 

When the diaphragm springs away from 
the back plate, the capacity of the con- 
denser is reduced. Since it will then hold 
less charge, the excess electrons arc forced 
back into the microphone battery. These 
resulting variations in voltage across the 3-megohm resistor reach 
the grid of the preamplifier tube through the 0.01 -microfarad 
coupling condenser. 

O.OIjuf Preamplifier 


A 


Fig. 374. The internal 
construction of the con- 
denser microphone. 



Questions 

1. Is the condenser microphone a rugged instrument? 

2. Is it a very expensive type of microphone? 

3. Is it directional ? 

4. How many volts must he used across the condenser? 

6. Does the current increase or decrease when the diaphragm springs away 
from the other plate? 
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6. Is the rapacity of the condenser greater or smaller when the diaphragm 
springs away from the other plate? 

7, How does the tone quality of the condenser microphone compare with the 
double-button type ? 

Velocity Microphones 

The velocity microphone is a very rugged instrument with very 
good frequency response. It is about as expensive as a dynamic 
microphone. It has the advantage of needing no microphone 
battery. It is very directional. This is particularly desirable for 
broadcast-studio use. 

How is the velocity microphone made? The velocity micro- 
phone is essentially a thin corrugated duralumin ribbon suspended 
in a strong magnetic field. 

The field is supplied by a heavy permanent magnet arranged 
so that the ends of the cores form a long, narrow opening (see 
Fig. 870). 

The corrugated ribbon is stretched between the core ends so that 

it can vibrate back and forth as 
sound waves strike it. Con- 

C onnei. r/on . 

iv r& nections are made to the ends 

of the ribbon. 

Circuit. As shown in the 
circuit in Fig. 377, the velocity 
microphone is connected di- 
rectly to the primary of the 
Fiex, bimetal microphone transformer. No 
ntibon battery is needed. 

How it works. Sound waves 
bo/e pe^es cause the long duralumin rib- 
bon to move back and forth. 
As you already know, when a 
wire or other conductor moves 
Fig. 376. The construction of the in a magnetic field, a voltage 
velocity microphone. £ s generated in the wire. The 

movement of the duralumin ribbon as it follows the compressed and 
rarefied parts of the sound waves produces currents of varying 
strength in the primary winding of the microphone transformer; 
these currents induce voltages in the secondary and apply them to 
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the tube of the preamplifier circuit, the first stage of the speech 
amplifier. 

Pre amp I i fier 



Transformer 

Fig. 377. Tlir circuit for the velocity microphone. 


Questions 

1. Is the velocity microphone a rugged instrument? 

2. Compare its cost with that of the other types. 

3. Is it directional ? 

4. How much amplification is needed ? 

6. Do you need to connect a battery in the circuit? 

6. Compare this microphone's tone quality with that of the other microphones. 

7. Compare the action of duralumin ribbon with that of an electric generator. 

PART 4: HOW TO BUILD A SIMPLE PUBLIC-ADDRESS SET 

You can assemble your first simple public-address set from the 
circuit units you have already built. The preamplifier can use a 
(>J7 tube, the power amplifier a (>F6. Although this unit will pro- 
vide only low power output, it is a good one to start with. You 
will later add to it until you have a powerful public-address set. 

Start with a single-button carbon microphone. Besides this, the 
only new part you will need for this simple circuit is the micro- 
phone connection board. 


The Board 

Mount the parts for the microphone unit as shown in Fig. 878. 
One flashlight cell provides mike current. 

Mount a jack at the left of the board to plug in the microphone. 
You will also need a two-circuit plug on the end of the microphone 
cord. The microphone cord is generally a shielded cable in which 
two inner wires are connected to the two buttons, and the outer 
braided shield is connected to the remaining wire. Use clips to 
hold the dry cell on the circuit board. 
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Two-cireuft 
^teh phono jack 


r Microphone 
< transformer 



Ground 
connection 


-l£-\so/t 
Dry ceN 


Center punch 
mark - 



Detail of bent metal 

dips which ho/d dry ce/i 


Fig. 378. This is the single-button microphone hoard. On it is the telephone 
jack, the batteries, the meter, and the microphone inpnt transformer. 



Fig. 379. A simple public-address set. Hook up these boards to make an excel- 
lent and simple set to use to get acquainted with the operation of a public- 
address set. 


Preamp} if tor Power Audio Amplifier 

GC5 6F6 
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The Transformer 

Choose a transformer so that the input, or primary, winding 
has the same resistance as the low-resistance microphone, and the 
secondary has a high resistance to match the impedance of the 
grid circuit. 

How to Hook Up the Equipment 

Step 1 . Connect the mike hoard, the two amplifier units, the 
heater supply, and the speaker, as shown in the block diagram of 
Figs. 379 and 380. 

Step 2. Turn on the power supply. 

How to Operate the Public-address Set 

Step 1 . Plug the microphone into the jack on the microphone 
board. Place a single dry cell in the clips, and the set is ready to 
operate. (Remove the battery or pull out the microphone plug 
to avoid running down the battery when the set is not being used.) 

Step 2. Speak into the microphone, and note the loudness and 
quality of your voice as it comes out of the speaker. 

Find the best position from which to speak into the mike. 
Speak directly into it with the same loudness, first with the mike 
near to your mouth, then with it farther away. Also try speaking 
with the mike at the side of your mouth, so that you speak past it. 

Questions 

1. How can you tell how much resistance to put in the microphone-transformer 
primary ? 

2. What determines the resistance of the secondary of this transformer? 

PART 6: HOW TO BUILD A MORE POWERFUL 
PUBLIC -ADDRESS AMPLIFIER 

After you have learned to use the simple low-powered public- 
address set and are acquainted with its principles and operation, 
you will enjoy adding the many improvements that will give it 
more power and better tone quality. 

Below are some of the changes in the circuit that you can make; 
observe the effect of different tubes and controls on the operation 
and output of the set. 

Improvement 1 

Add more preamplification. This is the same circuit that you 
used in the first public-address set, but a GJ7 preamplifier is added 
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to boost the gain of the set. Gain is a word used to express the 
amount of amplification produced by a circuit. The output of 
the 6J7 amplifier circuit is further built up by the addition of the 
6C5 amplifier circuit to operate the power amplifier and give you a 
higher level of sound from your set. 

This hookup is shown in Figs. 1581 and 382. This (!(’5 set should 
have a volume control in its input circuit. 


Crystal Micropf one Preamplifier Audio Power Audio Output l^ynarruy. 

Microphone cnnnertor Amplifier Amplifier Frans speaker 

board SJ7 6C5 6 F6 former 



Fiu. 881. A more powerful public-address set may he had when you hook up the 
set hoards shown in this diagram. 


Preamplifier Audio Amplifier Power Audio Amplifier 

GJ7 6C5 Gf~6 



What is the effect? Operate this new set, and note the effect 
on the volume and quality of the sound. Use the volume control 
to vary the sound volume. 


Improvement 2 

Use a more powerful final amplifier. Replace the 6F6 power- 
amplifier circuit by a push-pull 6F6 amplifier circuit (see Figs. 383 
and 384. This is the same push-pull circuit that you used in 
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Chapter 16, “Basic Receiving Circuits Using Alternating-current 
Tubes”). 

What is the effect? This circuit will give you a much greater 
volume of sound than the other sets you have used. The quality 
is also improved. Such a circuit must be used when you want to 
cover a large auditorium or an outdoor meeting. 


Crystal Microphone Preamplifier Audio Push pull Audio Out >ut Dynamo 

Microphone connector Amplifier Amplifier Trans- speaker 

board 6J7 GC5 &FS > mer 



Fig. 383. Your public-address unit will have more power when you add the 6F6 
push-pull power audio amplifier. 


Preamplifier Audio Push-pull 

Amplifier Power Audio Amplifier 

6J7 GC5 6Fe-6F6 



PART 6: HOW TO ATTACH A RECORD PLAYER TO YOUR AMPLIFIER 

What is a two-input preamplifier? A common circuit for public- 
address work has input jacks for either a microphone or a phono- 
graph reproducer, or pickup. The pickup circuit, which in your 
experiment will be a crystal pickup, needs less amplification than 
does the microphone. So the output of the microphone is fed into 
the first amplifier, and the output of the pickup is fed into the 
second amplifier (see Fig. 385). 
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What is the purpose of the fader? The fader is simply a center- 
tapped potentiometer (500,000 ohms resistance on each side of the 
center tap) used to connect the 6('5 audio-amplifier circuit either 
to the output of the crystal pickup or of the crystal microphone. 
When you move the sliding contact toward C, the volume of sound 
from the crystal microphone is increased. Then by moving the 
sliding contact past B and toward A, you can hear the record being 
played on the turntable (sec Figs. 385 and 387). 



Crystal Microphone Preamphf ter Fader Audio Push- pu/ 1 Power Output Dynarmt 

\ i / r '-ophonp connector board Amplifier Audio Amplifier Trans- speaker 



mits you to fade in either the microphone or the record player. 


What is a phonograph pickup? The audio-amplifier circuits 
developed for radio use also make possible electrical recording 
of high quality. Recording equipment now produces very fine 
records of music. Many who love good music build up libraries 
of their favorite recordings. 

These records can be enjoyed by playing them on an electrically 
driven turntable. You can build a separate unit to use with your 
public-address amplifier, or you can play back the records on a 
radio-phonograph combination instrument. 

The record player consists of an electrically driven turntable 
and a pickup arm (see Fig. 38(i). The crystal pickup is popular 
because it has good tone and is fairly inexpensive. 
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Fig. 386. The record player shown here is driven by an electric motor and has a 
crystal pickup arm. The volume control sets the input to the grid of the ampli- 
fier tubes. 
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Fig. 387. The schematic circuit diagram of the two input parts of the public, 
address units shown in Fig. 385. 
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How to build and wire it. The pickup can be mounted in a 
suitable box, or the whole amplifier and pickup can be built 
together. A volume-control resistor comes with the pickup and 
is wired as shown in Fig. 386. Wire the complete circuit as shown 
in Fig. 387. Note the connection to the fader resistor. Note that 
the grid wire on the preamplifier board and several other wires in 
the circuit are shielded. This is done to prevent the pickup of 
hum by these wires. Hum picked up by the preamplifier is ampli- 
fied and, unless prevented by the shielding, can become very 
objectionable. 

The shield is connected to B minus by a wire soldered to the 
metal-braid shielding. Shield only the grid leads when your set is 
built on a metal chassis. Use the shielding shown in Fig. 387 
when you use breadboard construction. 

How to operate the amplifier. The connection of the various 
unit boards is the same as the connection for amplifiers described 
earlier in this chapter. The fader, the new part of this circuit, 
is simply turned one way to fade in the microphone or the other 
way to fade out the microphone and fade in the record player. 

Why it works. The needle holder on the phonograph pickup 
arm is connected to the crystal. As the needle follows the grooves 
cut in the record, it moves from side to side. 

This motion causes a twisting of the piece of Rochelle-salt 
crystal. This twisting action sets up an alternating current in 
the metal plates mounted on the crystal surfaces. (The action 
of crystals is further explained in Chapter 20, “Power Oscillators 
and Amplifier Circuits.”) 

The output of the crystal is fed to the grid circuit of the amplifier 
in the public-address set. The action of the volume control has 
already been explained. 

You can also use this pickup with the amplifier in your home 
radio set. If you want to do this, find the circuit of the set from 
a radio technician or from Rider’s Manual, and then get the advice 
or help of your instructor or the technician. 

You can install a closed-circuit jack at the proper point in the 
circuit so that you can plug in the pickup whenever you wish. 

Questions 

1. Describe some ways for increasing the preamplification of your public- 
address set. 
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2. How can you change your set so that it will l>e a two-input amplifier? 

3. List some advantages of crystal pickups. 

PART 7: HOW THE PHASE-INVERTER AUDIO AMPLIFIER OPERATES 

Transformers used for coupling audio-amplifier circuits can be 
responsible for frequency distortion. This effect occurs because 
the winding of a transformer, which is a form of choke coil, has 
increasing reactance to currents of higher frequency. Therefore, 
the coupling transformer, with thousands of turns of wire on an 
iron core, may cause the amplifier to amplify higher frequency 
tones much less than it does the medium-frequency tones. Dis- 
tortion can also occur at the low frequencies if the transformer is 
not properly designed. 


ecs GF6 -GF6 



If music or speech is to sound right, all frequencies from very 
low tones to very high tones should be produced at the same rela- 
tive strength as the original tones. A high-fidelity circuit will do 
this. But with an ordinary coupling transformer, both high and 
low tones are cut down in strength, and the quality of the music 
suffers. Transformers that compensate for this distortion are 
expensive. It is easier and much cheaper to get the same result 
by means of a resistance-coupled circuit. 

You have already studied the single-tube resistance-coupled 
audio amplifier. The resistance-coupled amplifier that does the 
work of a push-pull circuit is called a phase inverter. A network 
of resistors is used for coupling in place the more expensive push- 
pull audio-input transformer. 

How to build and wire the circuit. Lay out the parts for this 
circuit as shown in Fig. 388. Wire the parts as shown in Fig. 389. 
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Why it works. You learned, when you studied the push-pull 
power amplifier, that the voltage on the grid of each amplifier tube 
must be 180 degrees out of phase with the other. When electrons 
are forced on the grid of tube 1, they must be pulled off the grid 
of tube 2. When you used a transformer, the surges induced in its 
secondary at one instant forced electrons on to one tube grid and 




Fici. SIM). Wlirn the grid of the (>C5 becomes positive, the resulting surge of elec- 
trons through tlie circuit mukcs the grid of tube 1 go negative and that of tube 2 
go positive. 

at the same instant pulled them off the other. The two grids were 
180 degrees out of phase. Now note how this is done without a 
transformer in the phase-inverter circuit. 

The first tube, the (>C5 (see Fig. 890), operates as a straight 
resistance-coupled audio amplifier. As electrons surge through the 
plate circuit, they are driven onto condenser (\ and onto the grid 
of tube 1. This part of the circuit is simple and easy to under- 
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stand. But how can we get electrons onto C 2 and the grid of tube 4 
so that they are 180 degrees out of phase with those on tube 1? 

How is voltage applied to grid 2? By a clever use of the volt- 
age drop across the bias resistor AT, electrons are forced onto 
condenser C 2 and onto the grid of tube 2, 180 degrees out of phase 
with the electrons on tube 1 (see Fig. 891). Follow a surge through 
this circuit to grasp the way it operates. Start with a signal on 
the grid of the 6C5 which causes the grid's plate current to become 
stronger. 

The current that flows through the plate circuit of the (>C5 also 
flows through the cathode resistor. When a signal causes thecur- 



Fu». 391. When the surge on the grid of the (>Oft dies out and the grid again 
becomes negative, the charge on the grids of tubes 1 and £ is reversed. 

rent to increase, there is a difference of electron pressure (voltage) 
between X and Y at the ends of the cathode resistor. The elec- 
tron pressure at Y is now lower than at X . Thus at the instant 
that the electron pressure on C\ increases, the electron pressure on 
C 2 decreases. 

Now, when the signal on the GC5 grid makes it negative, less 
current flows through the tube (see Fig. 391). The greater pres- 
sure from B minus now forces electrons on C 2> but since less plate 
current flows through the 6C5 tube, the pressure of electrons on 
Ci is reduced. Thus you see that by this scheme the pressure of 
electrons on Ci and C 2 is maintained 180 degrees out of phase. 

Questions 

1. What is meant by the term phase inverter? 

2. Explain how a phase inverter ojK*rates. 
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What is a universal output transformer? There are many cases 
where the voice-coil impedance of your speaker will not match 
the impedance of the output-transformer secondary on your set. 
Although such a combination will play, the power or loudness of 
the music is reduced, and the quality may suffer. 

By installing a universal output transformer that has a tapped 
secondary, you can find a connection which will match the imped- 
ances and will give satisfactory music. 

Examine the universal output transformer. This transformer is 
the same as an ordinary output transformer except that the second- 
ary winding is tapped (see Fig. 309 in Chapter 16, “Basic Receiving 
Circuits Using Alternating-current Tubes”). 

By connecting the speaker voice coil between the common termi- 
nal and one of the other taps, you can easily find the best imped- 
ance match. 

PART 8: HOW TO CONNECT DISTANT LOUDSPEAKERS 

You often wish to place your microphone in a convenient posi- 
tion for the person who is speaking. Conceal the amplifier and 



Fig. 39$. This is a typical setup for a public-address set on a stage or on a 
platform. 

place the loudspeakers in a position where the sound they deliver 
will cover a fairly large room (sec Fig. 392) . 

The connecting wires between the concealer! amplifier and the 
loudsjwakers can introduce enough loss to affect the volume of the 
sound; you can run the loudspeaker cables about 75 feet with rela- 
tively little loss (see Fig. 393). Connect the wire of your set to 
the distant loudspeaker with the ordinary rubber-covered parallel- 
pair wire used for extension cords to floor lamps or other appli- 
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ances. The universal output transformer should be located at the 
amplifier. 

When the speakers are over 75 feet from the amplifier, you should 
connect a 500-ohm line to the 500-ohm tap of the output trans- 
former on the amplifier. You will also need a second transformer 
at the speaker (see Fig. 394). 

How are two speakers installed? When you wish to install two 
speakers, one on each side of a room or a stage, connect the voice 
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Fig. 393. Connect a parallel pair (extension -cord wire) between the public- 
address amplifier and the distant speaker as shown here. If the pair is too long, 
both volume and quality will suffer. 
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Fig. 394. You will need a matehing transformer at the set and at the sjieaker 
when the speaker is over about 75 feet from the amplifier. 


coils in series (see Fig. 395). This increases the total resistance 
of the two voice coils when they are connected together. It also 
gives a more even distribution of power output from the two 
speakers. 

To phase the two speakers so that the cones move in the same 
direction at the same time, try reversing the connections to the 
voice coil of one speaker to see whether performance is improved. 
You can reverse the leads to the primary of the matching trans- 
formers at the speaker and have the same result. 
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What is the position of microphones and speakers? You have 
heard a public-address set build up in loudness and then break 
}nto a squeal while being adjusted when first pul into operation. 
This squeal is caused by sound from the speakers feeding into the 



Fig. 395. Connect two speakers in parallel as shown here. Try reversing the 
leads to one speaker to see if it will change the quality of music produced by the 
two speakers. 


microphone and 
squeal, or howl. 



Fig. 39(1. When a microphone and 
speakers are set up, the microphone 
must he placed a few feet back of the 
sjK'akers. If too far forward an un- 
pleasant howl will grow up localise the 
sound from the speakers feeds back 
through the set and rapidly builds up. 


tack into the amplifier. It rapidly builds up to a 
Avoid this feedback by setting the microphone 
farther back on the stage than 
the speakers (see Fig. 396). 

Sound may also rebound 
from a hard wall or window 
surface and, by reflection, cause 
a similar howl. Sometimes by 
turning the speaker or the 
microphone in a different direc- 
tion, reflections can be reduced 
or eliminated. 

When the volume is set too 
high, the poor acoustic proper- 
ties of a room are brought out. 
Reduce the volume and note 
the improvement. 

Adjust the tone control to 
find a best combination of 


volume and tone. Too much sound volume can make it almost 
impossible to understand a speaker. Stress the bass too much, and 
the result is also bad; it tends to muffle the voice. 
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PART 9: HOW TO BUILD AN INTEROFFICE 
INTERCOMMUNICATOR CIRCUIT 

A busy executive needs a call system so that lie can immediately 
talk with any of his employees. Go into a huge wholesale ware- 
house, and ask the clerk for a piece of equipment. He will find 
its number in a catalogue, flip a switch on a small amplifier, and 
call a man in the warehouse, which may be 100 yards away. This 
man may be 50 feet from the small speaker hung in the warehouse, 
but he answers from where he stands. The two men can quickly 
exchange the desired information. 

This “intercom'’ system is widely used in offices so that a 
manager can immediately speak to anyone in the office. When 
the system is set up in a home, the housewife, merely by flipping 


Microphone 

( p-m Dynamic Speaker) Amplifier 

0—1 


p-m Dynamic 
Speaker 



Fig. 397. This is a one-way interoffice communicator set. 


a switch, can relay phone calls to the basement, upstairs, out to 
the garage, down to the rumpus room, or into the yard. An 
ingenious radioman can find dozens of similar applications for 
such a set. 

An intercom set has a simple circuit. 1 1 is a two- or three-tube 
audio amplifier which uses a permanent-magnet (p-m) speaker for 
the microphone and a similar speaker for the output (see Fig. 897). 
This is a regular one-way public-address unit. But to be able to 
talk back, as did the man in the warehouse, some special arrange- 
ment must be made. The simplest way to do this is to set up a 
second unit working from the warehouse to the office (see Fig. 398). 

This is sometimes done in expensive sets. A two-way set has 
the advantage of being always in operation and needing no switch- 
ing between conversations. But it requires two complete ampli- 
fiers and four speakers. (Two of the permanent-magnet dynamic 
speakers are used as microphones.) 

The more common form uses one amplifier and two speakers 
with a double-pole double-throw switch which reverses the two 
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speaker connections (see Fig. 399). You can then talk into one 
speaker and use it as a microphone, while the other is used as a 
regular speaker. Then when you throw the switch, the speaker 
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Fia. 398. You can make a two-way interoffice set either by using two separate 
circuits as shown here or by a switching arrangement as shown in Fig. 399. 



Flu. 399. This is a switching arrangement that permits you to use one amplifier 
and two permanent -magnet speakers for an interoffice amplifier unit. The 
switch permits you to talk in either direction. 


at the other end is used as a mike and your speaker talks to you. 
A unit of this type will be described. 

How to Build and Wire the Intercommunicator Set 

Chassis. Build the communicator set on a li X 7 X 9 metal 
chassis. 
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Position of parts. Since feedback is always a problem in audio 
circuits, you will have to experiment to find the best position of 
the tubes and parts before mounting them permanently. The 
double-pole double-throw (dpdt) talk-listen switch is a special 
rotary switch with a spring return. You press it down to talk. 
When you release the pressure, the spring returns the switch to the 
listen position. The other parts of the circuit are standard. 

Feedback occurs when a strong magnetic field in one part of a 
circuit cuts across other wires of the circuit and induces voltages 
in them. The strongest fields in this set will be around the power 
transformer, the power choke, and the output transtormer. You 
normally have little trouble with hum and feedback when you 
work with breadboard sets, for several reasons: the parts are rela- 
tively far apart, so that there is little feedback; the different cir- 
cuits, and particularly the power-supply circuit, are on different 
boards; and the boards are made of wood. 

In the set you are now building, the power supply is on the same 
metal chassis and the parts are close together. Currents induced 
in the metal chassis cause part of the hum. Induction between 
set wiring also causes hum and feedback. The wires most sensi- 
tive to feedback are those in the grid circuits. Any induced volt- 
age picked up by the wires of the GJ(> grid circuit will be amplified 
by both tubes. 

Hum reduction. Hum from the power supply is hard to elimi- 
nate. You can avoid much of this hum by placing the power 
supply on one corner of the chassis and the input transformer and 
wires on the other. Placing the grid-circuit wires at right angles 
to plate circuit wires may also help. Shielded wire is sometimes 
used in the grid circuits. The metal shield around the wire is 
grounded to the chassis. 

Wiring to the talk-listen switch must also be carefully placed. 
Shielded cable on the wires is shown in the schematic diagram by 
dotted lines (see Fig. 400). Ground the outside shielding to the 
chassis. 

The selector switch is wired so that you can easily switch to any 
of the different speakers from the master amplifier unit. 

How to Operate It 

Turn on the set. When the tubes have heated, you will hear a 
low hum. This hum in the speaker is a handy way to tell that 
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Fig. 400. This is the complete schematic diagram of an intercommunicator unit complete with power supply. 
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the set is in operation. As wired, this set lets you hear in the 
room to which the set is switched any sounds from the speaker. 

These sets are very sensitive. You can readily talk to a person 
anywhere in a large room. You can hear birds many feet from 
open windows. You can call an instructor or a mechanic in a 
large shop. 

By switching a home set, the housewife in the kitchen can call a 
person sleeping late, can call a child playing in the yard. She can 
speak to a caller at the front door. She can save steps by switch- 
ing to a speaker on the second floor; then, by again turning the 
knob, she can talk to someone in the basement. 

To talk you must press down the talk -listen switch lever. 
Release the switch lever and you can hear the answer. You can 
also wire the set so that you press to listen. 

Why It Works 

When you speak at the master unit, the sound waves caused by 
your voice move the <*one of the permanent -magnet speaker. As 
the wires of the voice coil move through the powerful field of the 
permanent magnet of the speaker, a voltage is generated in them. 
The speaker thus acts like a dynamic microphone. 

These voltages are amplified, and the speaker to which the set is 
switched produces the sound. When you press down the double- 
pole double-throw switch, you change the connections so that the 
distant speaker, which is connected to the grid of the (>J7, acts as 
the mike, while the speaker on the master unit acts as a speaker. 

Reason for Hum 

Hum comes from the power-supply wiring. The changing fields 
around the power transformer and the wires to the rectifier tube 
and filter reach the wires of the grid circuits of the amplifier tubes 
and create some hum. Metal shield plates bolted to the under- 
side of the chassis help shield out some of the hum. A low hum is 
not objectionable, and it tells you when the set is turned on. 

Questions 

1. What is the cause of feedback? 

2. How can it be avoided? 

3. What causes the hum in a talk-back set, and how can it be avoided? 
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Tone control. Some people prefer to hear music in which the 
bass tones are prominent. Others prefer to stress the treble tones. 
You can easily install a control on your receiving set or public- 
address system so that the tone can be changed at will. 

A simple tone control is made by connecting a 0.005-microfarad 
condenser and 500,000-ohm resistor in series, as shown in Fig. 401, 
and connecting them across the output circuit of the first audio 
amplifier. 

Why it works. Because the capacity of this condenser is small, 
it will have a high impedance to low audio frequencies but will 
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Fl<i. 401. This tone-control circuit may be adder! to the output cireuit of a puh- 
lic-address unit or to an audio amplifier. With it you can set the amount of bass 
or treble in the music. 

have a low impedance to high frequencies. Therefore, the part of 
the current which carries the high frequencies will be by-passed 
around the primary of the audio transformer. The remaining cur- 
rent will flow through the primary of the audio transformer. In 
this way the higher frequencies are by-passed and the lower fre- 
quency tones are made to predominate. By adjusting the resis- 
tor, the amount of high-frequency signal that is removed can be 
controlled. 

PART 10: THE EXPLANATION OF POWER-AMPLIFIER BIAS 

There are several ways to bias an amplifier so that it will deliver 
music of excellent quality, give more efficient amplification, or 
deliver more power to the speaker. 
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Several classes of audio amplifiers are used. These are class A, 
class AB, and class B. The latter two are mostly used in powerful 
public-address equipment, (’lass (' amplifiers, still more efficient, 
are used in transmitters and are described in Chapter 20, “Power 
Oscillators and Amplifier Circuits.” 'Pile difference between these 
classes of amplification is the strength of the signal and the amount 
of negative grid bias used for each. The bias-resistor cables given 
for the amplifiers described earlier in this chapter were intended to 
give good reception as class A amplifiers. 

The Class A Amplifier 

Why class A amplification is used. The class A amplifier is 
used because it produces music of excellent quality. Generally, 
the tube is a triode or pentode. The class A amplifier has low 
power output and low efficiency. For higher power output class 
AB or class B amplification is used. The class A amplifier is used 
with either a single-tube or a push-pull circuit. 

The class A amplifier is biased so that the grid always remains 
negative and no grid current flows. The plate-current wave shape 
is the same as that of the grid wave. This produces clear, good 
music. 

This amplifier is designed so that the voltage swing it sets up 
on the grid of the class A final audio-amplifier stage does not exceed 
a certain value. An example will make this clear. Suppose you 
wish to use a 6F6 amplifier tube in the final stage of a receiver. 
In the Selected Tube List, pages 668 069, you find that for a plate 
voltage of 250 volts you must have negative bias of 16.5 volts on 
the 6F6 tube. 

The preceding audio stage is designed so that its output will 
cause the grid to swing not more than 16.5 volts. The grid then 
will remain negative. If the grid swing were over 16.5 volts, the 
grid would become positive on the peaks and, on the negative 
peaks, the grid would become so negative that the plate current 
would cease to flow. (Assume that cutoff for this tube is 16.5 
volts.) 

If the grid is allowed to become positive, it will attract electrons 
and distortion will result. Distortion will also be produced when 
the plate-current flow is shut off during the negative part of the 
cycle. In a class A amplifier there is always plate current flowing. 



470 


UNDERSTANDING RADIO 


Class A amplification is widely used in broadcast work where a 
high quality of music is of first importance. 

Why a class A amplifier produces clear music. Perhaps you 
have wondered why you ran the grid-voltage-plate-current curve 
when you studied alternating-current tubes. You were told at 



Fio. 40€. Tlii.s is the grid-voltage plate-current curve of the CC5 tul>e you ran 
in Chapter 15. “Alternating-current Receiving Tubes,” to show the control the 
grid had over the plate current. 

that time that you would later use the information you gathered 
in running this curve. 

Examine the curve for the (5C5 tube again (see Fig. 402). Note 
that the lower end is curved near the base line and then the curve 
rises rapidly and is a straight slope. What does this curve mean? 
Start with no electrons on the grid. This curve shows that 
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about 30 milliamperes of plate current flows. Then, as you make 
the grid negative, less plate current will flow. At 4 volts negative, 
18 milliamperes flow; at 6 volts negative, 12 milliamperes flow— 
a 4-milliampere decrease. The curve shows the same decrease at 
8 volts negative and nearly the same decrease at 10 volts negative. 
The straight part of the curve means a steady rate of increase of 
plate current with every time you make the grid 1 volt more 
positive. 

However, when you make the grid 12 volts negative, the line 
curves or begins to flatten out. This is the knee of the curve. 

Where before, on the straight part of the curve, the plate cur- 
rent cut down 4 milliamperes for each volt the grid became more 
negative, now there is less decrease of current for each volt making 
the grid more negative. Finally, the plate current stops at 18 volts 
negative. This is the cutoff point. Making the grid more nega- 
tive now has no further effect on the plate current. Note that 

this curve is made at a fixed plate voltage of 250 volts. A higher 

plate voltage will produce a curve in which the grid must be more 
negative for cutoff (see the 300-volt curve). 

Bias for class A amplification. Suppose you use 250 volts on 
the plate of your amplifier tube. Mark the center of the straight 
part of the curve. This is the no signal point to which the tube 
must be biased for class A operation. Here the grid bias is 8 volts 
negative. 

Now, when a 6-volt signal reaches the amplifier, it will make 
the grid 6 volts positive and 6 volts negative if there is no bias. 
But because of the negative grid bias of 8 volts, the grid actually 
goes 6 volts negative plus 8 volts negative, or 14 volts negative, 

and 6 volts positive plus 8 volts negative, or 2 volts negative. 

With no signal, the grid is 8 volts negative. The rise and drop in 
grid voltage caused by a signal is above and below the minus-8- volts 
bias point. Note that there is the same increase and decrease in 
plate current, a condition which produces amplified but undistorted 
music and sound. 

Now examine the curve for the 6F6-pentode power audio ampli- 
fier that you have been using for the last stage in your public- 
address amplifier (see Fig. 403). You can read this as you read 
the 6C5 curve. There are a few differences that you should note. 
One is that at 250 volts the grid bias should be 16.5 volts, over 
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twice the bias voltage for the 6C5. At this bias 35 milliamperes 
of plate current flows. 

Another difference is that there is no knee to this curve. This 
is a characteristic of the pentode tube. It is caused by the other 
elements in the tube. 


PLATE 
CURRENT 
in rr>a 



- NEGATIVE GRID VOLTS + 

Fig. 403. This curve* shows plate-current changes for the 6F6 pentode tube as the 
grid is made increasingly negative. 


The slight curvature of this graph shows that there will be some 
distortion of the audio signal. If the curve were straight, there 
would be no distortion. 

The 6F6 tube, with greater plate current flowing, makes possible 
greater power output than was possible with the (>C5 you used in 
earlier experiments. The greater power output of the GF(> is made 
possible by its larger grid swing and the correspondingly greater 
changes in plate current. 
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The Class AB Amplifier 

Other types of amplification. You may read about class A, 
class AB, or class B amplification. These classes are, as the letters 
indicate, biased somewhere between the classes explained above. 
(Mass AB is biased more than class A but less than class B. 

Class C amplification is only used in radio-frequency power 
amplifiers. If used in audio circuits, it produces serious distor- 
tion. This trouble is avoided in the radio-frequency circuits 
because the tube there drives a tank circuit which eliminates the 
distortion. 

Why class AB amplification is used. The low- or medium-power 
class A amplifier is only satisfactory for rooms of average size. 
Wlie n coverage of larger areas such as an auditorium, a picnic, 
or a ball game is desired, higher powered sets are selected. If they 
use class A amplification they will require special power tubes and 
heavy power-supply equipment. Both tubes and power supply 
are expensive. But by using a different class of amplifier, less 
expensive tubes and a lighter duty power supply can be used at a 
considerable saving in cost. The class AB and class B amplifiers 
are widely used for such service. They will produce louder sound 
with good efficiency. (Mass AB and class B amplifiers always use 
push-pull output circuits and power tubes designed to handle much 
current. The class AB circuit puts out about 50 per cent more 
power than does the class A circuit. 

Tubes used for class AB amplification. The 2A3 and the (iA.M 
are two triode tubes that can be used for class AB amplifiers. 
Power pentodes such as the 6F6 and the 42 are also used. But 
beam power tubes such as the 6V6 and the (>L(> are designed especi- 
ally for such service. They handle much power with good quality. 

In the push-pull circuit, one tube operates during half the cycle 
and cools off during the other half while the other tube works. In 
this way, the full cycle of plate current flows half through each 
tube. Enough current flows to give a great deal of power at the 
speaker, and the tubes run cool. Here, higher plate voltages and 
higher current can be used, because each lube works only half the 
time. 

Bias for class AB amplification. The grid bias is shown in a 
good tube chart. For two 6F6’s in push-pull, with 375 volts on 
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the plate and 250 volts on the screen, the grid bias is negative 
20 volts. 


Questions 

1. Give typical uses for each of the following types of amplifiers: A, AB, and B. 

2. Compare the power output of the three classes of amplifiers. 

3. Compare the efficiency of the three types of amplifiers. 

4 . Compare the grid bias on l lx* three types. 

5. In what circuits is class C amplification used? 
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POWER OSCILLATORS AND AMPLIFIER 
CIRCUITS 


The power oscillator is the heart of a transmitter. In it is 
generated the steady radio-frequency surging of electrons which, 
amplified and modulated and fed into an antenna, cause radio 
waves to be radiated through space. 

You saw a crystal power oscillator when you visited the broad- 
casting station. It was described in the first chapter of this book. 
You also saw there the many tubes of the power-amplifier circuits 
of the broadcast transmitter. 

You will study in this chapter several of the ditferent basic 
power-oscillator circuits. Some are capable of generating radio- 
frequency surges that are powerful enough to be used for a low- 
power transmitter without amplification. You will also study 
different kinds of power amplifiers. These are used to strengthen 
the radio-frequency surges generated by the oscillator, so that the 
transmitted signal is many times more powerful. You will study 
the circuits of the Hartley oscillator, the tuned-plate tuned-grid 
self-excited oscillator, and the crystal oscillator. 

What is an oscillator? An oscillator is a circuit which will 
generate a continuous electron surging, or oscillation, generally in 
a tuning or tank circuit consisting of a coil and a condenser. 

Stability is an important characteristic of a transmitter. A 
stable transmitter operates at one frequency. If the transmitter 
is unstable, many things will cause its frequency to wander. You 
will notice the result of transmitter stability at your receiver. 
You can tune in a stable transmitter by turning to a certain num- 
ber on the dial, and you will always find the same transmitting 
station at this number. If the transmitter were unstable, you 
would have to keep adjusting the dial on your receiver in order to 
keep the station tuned in. 
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What is a self-excited oscillator? This oscillator depends on 
coils and condensers to fix the frequency at which it operates. 
When the regenerative receiver you used in Chapter 11 was made 
to oscillate, it was behaving as a self-excited oscillator. Self- 
excited oscillators are rugged and easy to operate, but they are 
relatively hard to keep on frequency unless special precautions 
are observed, because the frequency is affected when you draw 
power from them. They are, however, used in many applications, 
such as in superheterodyne receivers or in portable military trans- 
mitters. They perform well when care is used in their design. 

What is a crystal-controlled oscillator? This oscillator uses a 
quartz crystal to keep it accurately on the same frequency. It is 
widely used in amateur and commercial transmitters. 

In this chapter you will learn about the following things: 

Part 1: The Hartley Oscillator 

Part 2: Construction of a Dummy Antenna 

Part 3: The Absorption Type of Frequency Meter 

Part 4: The Tuned-plate Tuned-grid Oscillator 

Part .5: The Oscillating Quartz Crystal 

Part 6: The Crystal-oscillator Circuit 

Part 7: The Transmitter Power Supply 

Part 8: The Jtadio-frequency Power Amplifier 

Part J): How to Neutralize the Power Amplifier 

Part 10: The Frequency-doubler Circuit 

Part 11: The Push-pull Final Power Amplifier 

PART 1: THE HARTLEY OSCILLATOR 

How to Build and Wire the Set 

Arrangement of parts. Place a midget variable tuning con- 
denser of 150 microniicrofarads maximum capacity at the left of 
the board (see Fig. 404). Wind a tank eoil according to the direc- 
tions under “How to Wind Oscillator Tank-circuit Coils “ in this 
chapter. 

Use a mica 0.00025-microfarad grid condenser and a carbon 
50,000-ohm 5-watt grid leak. 

The radio-frequency choke may be a standard 2^-millihenry 
receiver type of choke. Place the tube socket as shown in Fig. 404. 

How to wire the set. The tuning circuit, which consists of the 
variable condenser and the coil, is called the tank circuit (see Fig. 
405). The heaviest currents in the oscillator flow in the tank cir- 
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Grid leak y Mica Grid-' 6.3 vo/ts 250 vo/ts 
50,000 ohms Condenser ac dc 

5 watts 0.00025 /jf 


Fig. 404. The Hartley oscillator. This shows the layout of the parts on the 
baseboard. You may prefer to use a separate meter instead of mounting it 
on the baselwmrd. 
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Fig. 405. This is the schematic wiring diagram of the Hartley oscillator. Note 
that this is a shunt-feed circuit. The B voltage is connected across the cathode 
and plate in shunt with the tank circuit. 


cuit. Wind the tank with enameled wire about No. 14 in size. 
Wire the rest of the set with No. 18 enameled wire. 

The Tank Circuit. Connect the ends of the tank coil to the tank 
tuning condenser, as shown in Fig. 404. ( onnect a clip to the 

cathode and B negative with a piece of flexible insulated wire about 
6 inches long. This clip is moved along the coil to vary the grid 
excitation. 
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Tubes to Be Used. Many different types of tubes ean be used in 
this oscillator circuit. You will use the (>C5 in your experiments. 
The (>C5 is sometimes used as an oscillator in receiving circuits, 
but the beam pentodes arc better power oscillators in transmitter 
circuits. The (>P(>, the fiYfi, and the (>L(S, all receiving tubes used 
for the power audio amplifier, are widely used by radio amateurs 
in the oscillator circuits of their transmitters (see Figs. 40(5 and 407 
for a modified Hartley circuit useful for experimenting with other 
tubes as oscillators). 


How to Wind the Oscillator Tank -circuit Coil 


The coil form. Wind the coil on a 2-iwh tapered wooden form 
(5 inches long. 



e 

Wooden core 
2 £ d. at one end, 
2$ d at the other 


Four plastic 
(I strips ~ Je thick 
J \ by ^ wide 
\ 


/> Cardboard 
strips 


Rubber bands 


Flu. 408. Arrange* four plastic* strips on the* wooden winding core as shown here. 
The eardboard strips keep the wire from sagging between the plastic* strips. 


The wooden form must be about k inch smaller at one end than 
at the other, so that the finished coil can be slipped off the form 
(see Fig. 408). The wire will be cemented to four x V-in. by ^-in. 
plastic strips inches long to form a spaced winding. 

Cut enough ir-in. by £-in. wide wooden strips to fit between tlic 
plastic strips to form the wire into a true circle. As you start the 
winding, hold the wooden strips in place between the four plastic 
strips with two rubber bands. 

Be sure that the four plastic strips are parallel before you start 
the winding. 

How to wind the coil. Wind the coil with No. 18 bare copper 
wire. Form the end of the wire into a loop (see Fig. 408). Fasten 
the loop in place at the end of one plastic strip with a wood screw. 
Unreel about 25 feet of wire. Fasten the loose end in a vise, or 
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attach it to some other solid object. Pull the wire tight, and wind 
the coil by rolling the form toward you. Space each turn as shown 
in Fig. 401) so that when completed the coil will have 28 turns and 
he 2 { inches long. 

Cut off the surplus wire, form a second loop, and fasten it in 
place with the second wood screw. Run airplane cement over the 
wires where they cross the plastic strips. When the cement is 
fully set, the wire will be held in place. Remove the screws, and 
slip the finished coil off the form. 

Cut a second plastic strip ^ inch wide, \ inch thick, and ft 
inches long. Cement this strip to the strip opposite the loop in 
the ends of the coil. Drill two ^-inch holes through the 3-inch 



Fit*. 409. This is an easy way to space-wind turns when winding a coil. Attach 
to the weight a loop of wire of the correct size to space the coil turns the desired 
distance. You may have to try several sizes of wire to get the correct spacing. 

strip. Cement the loops at the ends of the coil over this hole, and 
your coil is ready for use. 

Series and Parallel B-power Connection 

Parallel feed. Parallel, or shunt, feed (see Fig. 405) is used in 
the experiments you will do with the Hartley circuit, because no 
plate voltage is on the tank circuit and there is little danger of 
receiving shocks as you adjust the circuit. But you may receive 
pin-point radio-frequency burns if you touch parts of the tank coil 
in either series or parallel-fed circuits. 

Series feed. When series feed (see Fig. 410) is used, the direct- 
Current voltage of the pow T er supply is connected to the tank cir- 
cuit, and there is danger of shocks when you are changing the 
position of the grid tap. 

You can avoid shocks by turning off the B voltage with the 
switch in the B-negative wire on the power-supply board. You 
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need no radio-frequency choke in the plate lead when series feed 
is used. 

Operating Precautions 

Direct-current shocks. There is always danger of shocks in 
working with radio equipment. You can receive a shock if you 
touch any bare part of the B-positive wiring on oscillators and 
amplifiers. The direct -current shocks that you may receive on 
the low-powered oscillators and amplifiers described in this chapter 
as using 25 0 volts on the plate are strong enough to be unpleasant, 
but they are seldom dangerous to the average healthy individual. 



Fici. 410. This is tlu* Hartley eireuit with series feed. This means that the B 
voltage goes through the coil to reach the plate. 

You should avoid touching any part of the plate circuit of this 
oscillator where there is a direct current. 

In the shunt-feed Hartley circuit there is no direct current on 
the tank tuning circuit. The direct current is kept out of this cir- 
cuit by the plate blocking condenser. 

Radio-frequency bums. In the radio-frequency part of the 
shunt-feed Hartley oscillator, you will receive no direct-current 
shocks, but you may receive radio-frequency burns. You can 
draw tiny blue-white sparks to the point of a pencil from the stator 
plates of the tank condenser or from the plate end of the tank coil. 
Tf you accidentally touch a part of the tank circuit, you will feel 
no shock, but only the heat of the pin-point radio-frequency arc 
as it burns through your skin. 
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For safety, relatively low plate voltages are used in your experi- 
ments with oscillators and amplifiers, but no radioman worthy of 
the name permits himself to become careless. His warning is sud- 
den and rude. 

How to Operate the Oscillator 

The adjustment and operation of an oscillator circuit is simple 
and follows a definite procedure which is similar for many differ- 
ent circuits. While learning this procedure, you will find it easy 
to get the set in operation if you follow a few well-defined steps. 

Step 1 . Attach the power-supply leads to the oscillator. Con- 
nect the wires for the heater current to the heater terminals on the 
oscillator board. 

Now attach the B-minus and the B-plus wires. 

Set the B-minus switch on the power supply to the off position. 

Turn on the power supply, and as soon as the tube cathode has 
heated, the oscillator is ready to operate. 

This circuit will oscillate well over a considerable range of plate 
voltages. Start with 250 volts on the plate. 

Step J. Throw on the B-minus switch, ('heck for oscillation 
as you turn the tuning condenser. 

Is the circuit oscillating? The common way to tell that the set 
is oscillating is to watch the plate meter. When the circuit goes 
into oscillation, the meter will show that less plate current is flow- 
ing than when the circuit is out of oscillation. The 0C5 will draw 
about 10 milliamperes when in oscillation. The plate current will 
rise when the set goes out of oscillation. 

You may find that this circuit will oscillate over the whole con- 
denser range but will show the lowest dip at one setting. 

A neon tube is a good oscillation indicator. The size and watt- 
age of the neon tube are of little importance. The neon tube will 
glow when you touch its base to the ends of the plate coil when the 
circuit is in oscillation. The tube will also glow if you touch any 
part of the tank circuit except the part connected to B minus. It 
may glow when you hold it near other parts of the circuit carrying 
radio-frequency currents. 

How much power is the oscillator generating? You often find 
it useful to know how much power is being generated in the oscil- 
lator tank circuit. You may wish to use this power to drive an 
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amplifier, or you may wish to couple the oscillator to an antenna 
and use it as a low-powered transmitter. The amplifier or the 
antenna is then the load on the oscillator. (You may connect 
your oscillator to an antenna only if you hold an amateur oper- 
ator’s license and a station license.) 

A simple way to observe the power the oscillator generates is to 
couple an ordinary incandescent lamp to the oscillator. This is 
done by means of the dummy antenna, which consists of a tuning 
coil and condenser and a lamp load. The dummy antenna is the 
load into which the oscillator is operating. Current induced in 
the pickup coil by the tank coil is used to light the lamp. The 
lamp is the actual load on the oscillator. Here the current is 
changed to heat. (The construction of the dummy antenna is 
described in Part 2 of this chapter.) The intensity of the light 
shows the results of adjustments you make and is an indication 
of the power developed by the oscillator. The dummy antenna is 
also excellent to use when you study the operation of the oscillator 
under load. 

How to Measure Power Developed by the Oscillator 

Step /. Turn on the power to the oscillator. 

Step °2. Tune the oscillator until the plate meter shows the 
lowest reading. 

Step 3. Screw a lamp into the dummy antenna socket. The 
size of the lamp you select will depend on the tube you use in 
your oscillator. The ()V(> will develop the least power, the fiFfi 
more, and the fiLfi the most. 

Couple the dummy antenna to the oscillator by placing its cou- 
pling coil near the plate end of the oscillator tank coil. 

Step Jf. Tune the dummy antenna to resonance with the oscil- 
lator. At resonance the lamp’s glow is brightest. Move the cou- 
pling coil toward and away from the oscillator tank coil, and note 
the effect of coupling on the glow of the lamp. 

As you draw power from the oscillator by closer coupling or by 
tuning the dummy antenna to resonance, the reading of the plate 
meter will increase. Power drawn from the oscillator by the 
dummy antenna load is supplied by the plate current, which 
increases as power is absorbed by the dummy antenna. 
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Bill I nboratorug Record 

Mickomanipulvtor for Handling Semiconductor Devices 

The tiny pieces of silicon and germanium arc so small and require such careful 
and precise handling that this special machine called a micromanipulator must 
be used. 
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Step 6. Retime the oscillator until you again have the lowest 
reading. At this point your oscillator is generating the greatest 
amount of power possible at the voltage at which it is operating. 

How to Change the Power Output of the Oscillator 

You may wish to increase the output of the oscillator when you 
use it for a transmitter. The signal you put on tlu* air will then 
have the greatest possible strength. Also, when you use this oscil- 
lator to drive an amplifier like the one described later in this chap- 
ter, you must be able to adjust the amount of power the oscillator 
delivers to the amplifier. 

The power developed by this self-excited triode oscillator is con- 
trolled by the grid excitation. The grid recitation is the amount 
of energy supplied to the grid coil by the plate part of the tank coil. 

How to Adjust Grid Excitation 

Step 1 . Place the dummy antenna near the oscillator tank coil. 

Step 2 . Set the clip at the center of the tank coil. You can 
handle this clip safely with the B power turned on. 

Step 3. Read the plate milliam meter. Tune the oscillator for 
the lowest reading of the plate meter. Watch the glow of the lamp 
in the dummy antenna to see the effect that changes in the grid 
excitation have on the power developed by the oscillator. 

Step k- Move the position of the clip, and retune for the lowest 
plate current. Continue until you find the position of the tap at 
which the glow of the lamp is brightest. 

The position of the clip controls grid excitation by changing the 
feedback from the plate part of the coil. Move the clip toward 
the plate end of the coil to increase the grid excitation and toward 
the grid end to reduce the excitation. This setting is different for 
each tube. 

When the clip is too near the grid end of the coil, the set will 
stop oscillating, since there is too little grid excitation. The plate 
current will increase. The size of the grid leak also affects the 
excitation. Try different sizes of grid leak to get the proper grid 
excitation. 

Questions 

1. When the clip is moved toward the plate end of the coil, is the grid excita- 
tion increased or decreased ? 



486 


UNDERSTANDING RADIO 


2. What happens to the plate current when the set stops oscillating? 

3. Describe several methods for testing to see whether the set is in oscillation. 

4 . State where strong direct-current shocks may be encountered on this set. 

Measuring the Input Power of a Hartley Oscillator 

Power input is important to radio amateurs because the Federal 
Communications Commission regulates the size of amateur trans- 
mitters by this means. Amateurs describe their transmitters by 
the power input to the circuit connected to the antenna. 

Step 7. Couple the dummy-antenna load to the tank coil. 

Step 2. Measure the plate voltage with a high-resistance volt- 
meter (see Fig. 411 for its connection in the circuit). 

Osc///a tor o to lOO dc 



Fig. 411. Connect a voltmeter and a milliammeter as shown here to measure the 
power input to the oscillator. 

Step 3. Measure the current in the plate circuit with a 0 to 100 
direct-current milliammeter. 

Step If. Compute the power input by using this formula 

Voltage X current (in milliampcres) = milliwatts input 
250 volts X 20 milliampcres = 5000 milliwatts 

Divide the product (in milliwatts) by 1000 to get the watts input : 

5000 -f- 1000 = 5 watts 

Questions 

1. What is the |x>wer input in a Hartley circuit operated on 300 volts and a 
plate current of 40 milliampcres? 

2. When connected as shown in Fig. 411. does the milliammeter measure the 
current taken by the voltmeter? 
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How the Hartley Oscillator Works 


Electrons surge through the tube. When the filament heater in 
the tube is heated, a space charge immediately builds up around 
the cathode (see Fig. 412). Now when you 
turn on the B supply, electrons are pulled to 
the plate out of the space charge, and a current 
flows through the tube. The electrons flow 
through the tube and the plate circuit on 
their way back to the B .supply. 

The Radio-frequency choke coil stops the 
surge. The electron surge through the tube 
is opposed by the choke coil (see Fig. 41d). 

The back voltage of the choke coil against the 
sudden increase of current drives the electrons 
onto side A of the blocking condenser. The 
surplus electrons forced on side A drive elec- 
trons off side B . 

The stator plates fill. The electrons driven 
from side B of the blocking condenser rush 
to the tank coil, but the back voltage set 
up by the sudden surge of electrons forces them onto the stator 
plates i S’ of the tank tuning condenser (see Fig. 414). As side S 



Fig. 412. Electrons 
from the space charge 
around the cathode 
are drawn to the ]*>si- 
tive plate. 


Blocking 

condenser 



Fig. 413. The radio-frequency (r-f) choke stops the sudden rush of electrons. A 
few electrons get through hut most of the electrons in the sudden surge cannot get 
through the choke. They are, instead, driven to the blocking condenser. 
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of the tank condenser fills, the electrons already on these plates 
build up a hack voltage. 

The first surge starts through the tank coil. The hack voltage 
on side S of the tank condenser drives electrons to the tank coil 


Blocking 



Fig. 414. The electrons are driven from the blocking condenser to the tank coil 
and condenser. The back voltage set up in the coil by the surge drives electrons 
onto side <S’ of the tank tuning condenser. 



Fig. 415. As the electron surge rushes from side <S of the condenser through the 
tank coil, it builds up a magnetic field around the coil. 

(see Fig. 415). As the electrons rush from the stator plates, 
through the tank coil, and into the rotor plates of the tank con- 
denser, the electron current builds up a magnetic field around 
the coil. 

As the current flow decreases, the collapsing field around the 
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coil sets up a voltage which tries to pull more electrons from the 
stator plate to keep the surge going. This completes the first 
part, or alternation, of one cycle. This is the first half of one 
radio-frequency oscillation. 

The grid becomes negative. The electrons surge from the tank 
coil into the rotor plates of the tank condenser and drive electrons 
onto the grid condenser, which in turn drives electrons to the grid 
of the tube and makes it more negative (see Fig. 41(>). The 
grid finally becomes negative enough to cut off the flow of electrons 

The p/ate current /s 



the flow of electrons through the tube. 

through the tube. This completes half of the surge, or radio- 
frequency oscillation. 

The reverse surge starts. As the current flow through the tube 
stops, the electrons forced on the rotor plates of the tank condenser 
drive a surge back through the tank coil to the stator plates of the 
tank condenser (see Fig. 417). No current is flowing from the 
plate of the tube to oppose the return of the electrons through 
the coil, because the grid is at cutoff. The grid is kept negative 
by the grid condenser and the grid leak long enough for this surge 
to be completed. The sizes of the condenser and the grid leak are 
selected to fit the frequency at which the oscillator will work. 

The grid again becomes less negative. As the current surge 
through the tank coil from the rotor to the stator begins to die out, 




Fie*. 418. The collapsing field around the tank coil pulls electrons off the grid and 
another surge starts. 


the collapsing magnetic field built up around the tank coil by the 
first surge tries to keep the current flowing (see Fig. 418). This 
pull draws electrons from the grid, making it less negative, and 
electrons again rush through the tube. The pull of the less nega- 
tive grid helps the pull of the plate, and another surge begins. 

Grid excitation. The grid-return wire is connected near the 
center of the tank coil. When the tap is moved toward the grid 
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end of the coil, more voltage is induced in the grid part of the coil, 
and the set oscillates with more power. The position of the grid- 
return clip controls the grid excitation. 

This whole process occurs in the circuit at over 3,000,000 cycles 
per second. The Hartley-oscillator circuit is capable of oscillating 
both at the comparatively low frequencies used on broadcasts of 
millions of cycles per second and at the ultrahigh frequencies used 
in the 10-, 5-, and 2 £ -meter sets. 

Questions 

1. Explain why side A of the by-pass eomlenser is filled wilh electrons when 
a surge flows onto the plate of the tube. 

2. When a surge starts down through the plate pari of the tank coil, will the 
grid end of the grid eoil force electrons onto the gi id or draw electrons away 
from it? 

3. A\ ill this increase or decrease the flow of the plate current? 

4. When the impedance, or back pressure, of the tank coil is overcome, where 
do the electrons which were on the stator plate of the timing condenser go? 

5. What effect will this flow have upon the grid? 

6. What holds the grid negative long enough to keep the plate current shut oil* 
while the condenser rotor plates unload back through the tank coil? 

7. What effect will the tank coil have upon the grid when the current upward 
through the tank coil suddenly decreases? 

PART 2: CONSTRUCTION OF A DUMMY ANTENNA 

T T se the dummy antenna in place of the regular antenna when 
you are experimenting with oscillators or transmitters and do not 



Fig. 419. The dummy antenna. The lamp size depends on the tube you are 
using in the oscillator circuit. 

wish to send out radio waves. The dummy antenna is a coil -and- 
condenser tuning circuit with a lamp connected in series. The 
lamp is used as a resistance to absorb the electrical energy picked 
up by the coil from the oscillator tank circuit (see Fig. 419). 
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How to Build and Wire It 


The Coil. Wind a coil the same way the tank coil was wound, 
as explained in Part 1 of this chapter. 

The Condenser. Use a 150- 
micromicrofarad midget vari- 
able condenser similar to the 
tank-circuit condenser. 

The Lamp Indicator. Wire 
a lamp socket in series with 

Fig. 420. Tlu* circuit for t lie dummy the coil and condenser (see l 1 ig. 
antenna. 420). 


Pickup 

col/ 



U /SOppf midght 
1 variable con - 
denser 

Lamp 


How to Operate It 

Screw a lamp in the socket large enough to absorb the energy 
delivered by the oscillator. 

Place the dummy antenna so that the pickup coil is near the 
oscillator tank coil. Tune l he dummy antenna condenser to the 
point at which the lamp glows most brightly. At this point the 
plate milliammeter should show an increase in the plate current. 

Connect the 10-watt lamp to the 110-volt circuit to see the full 
brilliance of the lamp before using it in the dummy-antenna cir- 
cuit. The glow of the lamp shows the amount of current the 
dummy antenna draws from the oscillator. 

Power Input. The power input is found by multiplying the 
oscillator plate voltage by the plate current. 

Problem. When 250 volts is used on the oscillator plate and 
the plate current is 40 milliamperes, find the power input to the 
oscillator. 


250 volts X 40 milliamperes — 10,000 milliwatts 

10,000 milliwatts -f* 1000 = 10 watts input to the oscillator 

Screw a 10-watt lamp in the socket. Tune the set, and com- 
pare the glow of the lamp in the dummy antenna to the glow of 
another 10-watt lamp connected to the lighting circuit. The out- 
put of the oscillator can be judged by the glow of the lamp in the 
dummy antenna. 

An oscillator with 10 watts input will not light a 10-watt lamp 
to full brilliance because the oscillator efficiency is less than 100 
per cent. 
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PART 3: THE ABSORPTION TYPE OF FREQUENCY METER 

The absorption type of frequency meter is valuable to you 
because you can use it to find the fundamental frequency at which 
your oscillator is operating. 

If your oscillator was tuned to a frequency of 8000 kilocycles, 
this is its fundamental frequency. It may have a second harmonic 
at 7200 kilocycles, a third harmonic at 10,800 kilocycles, and so on, 
eacli higher harmonic being progressively weaker. 

The fundamental-frequency setting gives the strongest signal. 
A harmonic signal, which is twice the fundamental, is much weaker. 
A higher harmonic, three times the fundamental, is still weaker. 

How to Build the Meter 

Make a base of wood 4 inches wide and 0 inches long (see Fig. 
421). 



Fig. 421. The absorption -type frequency meter. You may use the crystal 
detector and earphones by unscrewing the dial lamp. Or you may use the dial 
lamp indicator by raising the cat whisker and removing the earphones. 

The Condenser. Mount a 150-micromicrofarad midget variable 
condenser on the baseboard. Mount a socket for a flashlight lamp 
near the binding post, so that the wiring can be short and direct. 

The Coil . Make a coil for each band on which you expect to 
test frequencies. These coils must be of the same size as the oscil- 
lator coil. 

How to Operate the Meter 

The absorption type of frequency meter is a tank tuning circuit 
to which is attached a light, or detector, and phones, to show when 
the circuit is in resonance with the frequency you are trying to 
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measure (see Fig. 422). The flashlight lamp is used to indicate 
resonance by I lie strength of the glow. Sometimes a crystal detec- 


tor and a pair of phones are used in place of the flashlight globe. 

'I'lie loudest sound will be heard in the 


Indicating 



earphones at resonance. 

The absorption type of meter is not 
highly accurate. It will be accurate to 
within 20 to 30 kilocycles. T T se a monitor 
and a receiver for more accurate measure- 
ments. Since it responds only to the 



Fl(i. 4^4. Tlu* absorp- 
tion type frequeiiry-meter 
circuits. 


fundament al frequency, the absorption 
type of meter is valuable for setting the 
transmitter to a definite frequency band. 
A monitor will respond to harmonics. 

How to Calibrate the Meter 

A good way to calibrate the frequency 
meter is to use a signal generator of the 
type used by radio servicemen. T T se an 
instrument of good quality if you want 
accurate results. 


Attach to the signal generator a temporary coupling coil of five 
turns of flexible wire about 2 inches in diameter. 


Set the pickup coil of the frequency meter near the coupling coil. 

Set the signal generator to deliver a modulated signal. TTse the 
crystal detector and the earphones to pick up the signal on the 
frequency meter. 

Set the signal generator to 3000 kilocycles (3 megacycles). Turn 
the condenser of the frequency meter until you hear the loudest 
signal. 


How to Locate Points on the Calibration Curve 

You can draw the calibration curve on squared cross-section 
paper. Draw two heavy lines on the paper, as shown in Fig. 423. 
Label one line “Condenser Setting'* and the other “Frequency.” 
Make a dot on the squared paper above the condenser setting and 
opposite the frequency to which the generator is set (see Fig. 423). 

You will need several points on your cross-section paper to draw 
the calibration curve. Then points represent the condenser setting 
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for the different frequency settings of the signal generator. Get a 
number of points on the paper by taking readings every 500 kilo- 
cycles between 3000 kilocycles and 4000 kilocycles. 

Sketch a light line through the points. This line may not hit 
each point exactly. But make the line a smooth curve with no 
sudden jogs or bends. After you have checked the points, draw in 



Fig. 423 . The calibration curve for the frequency meter. The shape of this 
curve w ill depend on the *»hapc of the plates of the variable condenser you use in 
the absorption frequency meter. 


the curve as a heavy line. A draftsman’s French curve is often 
used to draw the curve. 

How to Use the Curve 

You can easily tell the frequency at which your oscillator is oper- 
ating by a glance at the curve. Read the setting of your tuning 
condenser. Then run up to the curve above this setting and across 
to the frequency. 

You can also set your oscillator to a definite frequency by revers- 
ing the process. Note the frequency you want. Run across the 
chart to the curve, and look below to find the setting of the con- 
denser for this frequency. 
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Questions 

1. Will an absorption type of meter respond to the harmonics produced by an 
oscillator ? 

2. How can you tell when the meter is set at the same frequency as the receiving 
set? 

PART 4: THE TUNED-PLATE TUNED-GRID OSCILLATOR 


This oscillator circuit is fundamentally different from the Hartley 
oscillator. In the tuned-plate tuned-grid circuit, energy is fed back 
between the plate and the grid of the tube instead of through the 



mr " ' — 

€.3 vo/fs oc 250 vo/t* dc 

Fig. 424. The layout of parts for the tuned-plate tuned-grid oscillator. 


coil. A tank circuit is built into both the grid circuit and the plate 
circuit. 

The tuned -plate tuned-grid circuit will tune over a wide range of 
frequencies. 

How to Build the Set 

The Baseboard. Mount this oscillator on a larger board. A con- 
venient size is 1)^ inches by 40 inches. This allows sufficient space 
so that the wiring will not be crowded. Mount the parts as shown 
in Fig. 444. 

Coils. Both the grid and plate tank coils must be the same size, 
and both must be wound with the same size and number of turns 
of wire. See ‘"How to Wind the Oscillator Tank-circuit Coil” in 
Part 1 of this chapter. 

Condensers . Use two 150-micromicrofarad midget variable tun- 
ing condensers in the tank circuit . Use a molded mica condenser of 
600- volt rating for the grid condenser and the blocking condenser. 
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How to Wire the Set 

Wire the tank circuit, shown in heavy lines in Fig. 425, with 
No. 14 enameled wire. The other wiring of the set may he with 
push-back or other convenient wire, about No. IS. 

Any of the tubes suitable for the Hartley oscillator can be used 
with this oscillator. The (>Y(> or the (>F(> arc good oscillator 
tubes. 

/Oj 000 ohms 
5 watts 



Fsci. 425. The schematic circuit of the tuned -plate tuned-grid oscillator. 

How to Operate the Set 

Connect a 0 to 100 direct-current milliammeter between the 
power supply and the B-plus connections on the oscillator. 
Use this as an oscillation indicator and for tuning during your 
experiments. 

Check the tuning of both the plate and grid circuits with an 
absorption type of frequency meter. If one circuit is tuned to 
40 meters and the other to 80 meters, the set will not oscillate. 

Step 1. Turn on the heater current. Turn on the B voltage 
after the cathode is hot. When the plate voltage is less than 
400 volts, both heater and plate power may be turned on together. 

Step 2 . Turn the plate tank tuning condenser to the desired 
frequency setting. If the plate current is high, the circuit is not 
in oscillation. Swing the grid condenser until the rneter dips. 
This indicates that the circuit is oscillating. 
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Step 3 . Adjust the grid tank condenser until the lowest plate 
current is shown by the plate milliammctcr. 

Step //. Tune the plate tank condenser. Tune for the lowest 
plate current. If the set stops oscillating, the plate current will 
rise. Now give the grid tuning condenser a final readjustment to 
provide enough excitation. 

Tri Part 1 of this chapter, you learned how to cheek for oscillation. 

How to Couple a Load to the Oscillator 

Step 7. The load may be either a dummy antenna or an ampli- 
fier circuit. Bring the coupling coil of the load near the plate-tank 
coil. The plate milliammeter will show a rise in current as the load 
draws power from the oscillator. 

Step 2. Adjust the grid tuning condenser for the highest cur- 
rent reading. 



Step 3 . Readjust the tank condenser for the desired frequency. 

How It Works 

Turn on the set. When the cathode is heated, it throws off elec- 
trons which form a space charge around it. When the B supply is 
turned on, it drains electrons off the plate, making the plate highly 
positive. Electrons surge from the space charge to the positive 
plate (see Fig. 42G). This causes a current of electrons from the 
plates to surge through the tank coil to return to the B supply. 

The tank coil opposes the surge. When the surge of electrons 
reaches the plate-tank coil, the sudden rush of current causes a 
back voltage to develop in the coil which retards the free flow of elec- 
trons to the B supply. The electrons which cannot flow through 
the coil easily flow instead into side A of the tank tuning condenser 
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(see Fig. 427). This makes side A negative and drives electrons 
off side B to the B supply. 



Fid. 427. The tank coil opposes the surge and eh'irees tin tuning condenser. 
Electrons are forced on side A and are drawn otf side li. 



Fid. 428. The surge “breaks” through the tank coil. Electrons now rush 
through the coil and begin to fill side R of the tuning condenser. 


The surge breaks through the tank coil. When the pull of the 
B supply overcomes the back pressure of 
the tank coil, the first electron surge flows 
through the tank coil. The tank-coil pull 
empties side A of electrons and loads them 
on side B (see Fig. 428). Side A is now 
positive and side B negative. 

The grid shuts off the plate current. 

When the electron surge has reached side 
B, side A and the tube plate are very 
positive. The plate and the grid of a 
three-element tube have enough surface 
to act as a small condenser. The positive plate of the tube 



Fig. 429. The grid now 
becomes negative. 
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attracts electrons to the grid from the grid circuit (see Fig. 429). 
The grid now becomes negative. 

. During the second surge through the plate circuit, some elec- 
trons flow through the grid circuit and reach the grid condenser. 
This drives more electrons to the grid (see Fig. 430). The grid 
becomes negative enough to shut off the flow of electrons to the 
plate. 




Fig. 4S1. The second surge now starts through the tank coil. 

The surge returns to side A . The grid is so negative that no 
current can flow through the tube. The grid leak holds the elec- 
trons trapped on the grid until the heavy load of electrons on side B 
can surge back to side A. This makes A negative. Some elec- 
trons surge to the tube plate and make it very negative. This is 
the beginning of the second surge (see Fig. 431). The first and 
second surges are one cycle, or oscillation. 

The grid again swings toward positive. By the time the surge 
has reached side A , the electrons on the grid have leaked off through 
the grid leak and the grid has become less negative (see Fig. 432). 
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The grid is made more positive by the negative plate helping to 
push the electrons off the grid. 

The grid tank circuit oscillates. When the negative plate drives 
electrons off the grid, electrons are driven to the grid-tank con- 
denser, side C, and surges start through the grid tank coil as in 
the plate tank coil (sec Fig. 433). 



Fig. 432. Electrons leak off the grid through the grid leak and make the grid less 
negative. 




Fig. 433. The grid tank circuit oscillates. 


The grid tank coil must he tuned to the same frequency as the 
plate tank coil so that the surges in the grid coil will occur in step 
with the kicks from the grid. 

The grid tank circuit acts as a timing circuit. Electron surges 
from the grid-tank coil make the grid more positive when the 
negative plate draws electrons from the grid. It also helps make 
the grid more negative when the plate is positive. Electron 
surges from the grid-tank coil make the grid more positive when 
the negative plate draws electrons from the grid. It also helps 
to make the grid more negative when the plate is positive. 
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The third surge starts. The grid, now less negative, lets elec- 
trons surge to the plate again. This third surge fills plate A and 
rushes through the tank coil. This surging continues oscillating 
hack and forth through the tank coil as a powerful radio-frequency 
oscillating current. 

This surging is kept going by the pushes from the plate of the 
tube. 

What is the purpose of the grid condenser and leak? The grid 
leak has enough resistance to hold a considerable quantity of elec- 
trons on the grid and on side V of the grid tank condenser. This 
keeps the grid negative enough so that during most of the cycle of 
the grid tank oscillation, no current flows in the plate circuit. This 
gives the surge time to return from side B through the plate tank 
coil to side A. This surge is ready to start back through the tank 
coil just as the grid triggers the plate current and shoots another 
surge to the plate circuit. The grid then acts like an automatic 
on-and-off switch. 

The plate current flows in jerks or spaced surges timed by the 
grid, giving the electron surges oscillating between side A and 
side B through the tank coil a boost, or kick, at just the proper 
instant to build up continuous oscillations in the plate tank circuit. 

How is the plate-current meter read? When the plate tank cir- 
cuit is properly tuned, very little current flows through the tube, 
because during part of each cycle this current is shut off by the 
negative grid. These timed plate-current surges build up a power- 
ful tank-circuit oscillation. 

But if the tank circuit is not properly tuned, the surges in the 
plate circuit and in the grid circuit will be out of step. The grid 
now does not become negative enough to shut off the plate current 
during part of each cycle, and so much more plate current flows. 
The plate milliammeter reading goes up. 

Questions 

1. When side B of the tuning condenser in Fig. 428 is negative, what is the 
charge on the plate? What charge does the plate produce on the grid? 

2. Is the grid positive or negative when the electrons flow from plate B back 
to plate A y as in Fig. 431? 

3. When plate A has a heavy negative charge, as in Fig. 427, what will be the 
charge on the plate? What charge does the plate produce on the grid? What 
effect will the grid now have upon the plate current? 
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4 . Show the current flow' in the grid circuit when side R of the condenser in 
the plate circuit is negative, as in Fig. 4 £8. 

6. Trace the current flow in the grid circuit when side A of the condenser in 
the plate circuit is negative. 

6. What would he the effect on the operation of this set if the grid leak did 
not have enough resistance? 

PART 6: THE OSCILLATING QUARTZ CRYSTAL 

The self -excited oscillators you have just been studying have one 
serious defect when they are used in a transmitting set. Their 
frequency is seldom steady. Their frequency will change when the 
plate voltage changes and as the tube and circuit become warmer. 
Self-excited oscillators must be carefully de* igned to keep the fre- 
quency reasonably steady. Federal laws require that a trans- 
mitting set be built and operated so that it will 
operate within a narrow band of frequencies. 

This is done to prevent interference with sets 
operating on nearby frequencies. When the 
frequency of a transmitting station shifts, it 
interferes with other stations and is hard to keep 
tuned in at a receiver. 

There is a type of oscillator that will operate 
constantly on only one frequency. It employs 
a method of frequency control using the proper- 
ties of crystals of pure quartz. 

Question 

Make a list of things which will cause the frequency of 
a transmitter to vary. 

Characteristics of quartz crystals. Quartz 
occurs in nature in the form of six-sided crystals 
of different sizes that terminate in a pointed 
end (see Fig. 434). The faces of the crystal 
are flat and smooth, and the crystals are often 
transparent. 

Quartz is a highly elastic solid material. If 
put under pressure, the molecules of the quartz 
will be compressed very slightly and the crystal will tend to squeeze 
and flatten as would a rectangular piece of rubber if put under 
pressure. The thickness of the quartz may not change more than 



Fig. 434. This 
shows the shape of 
one end of a quartz 
cryst al. 
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ft fraction of a thousandth of an inch. When the pressure is re- 
moved, the quartz will spring back into shape and then expand 
slightly just as a steel spring will whip back and forth (oscillate) 
when it is compressed and then released. The molecules of the 
quartz crystal will similarly continue to vibrate for a short time. 

Now, when the quartz is compressed, it develops a charge, and 
a small voltage appears between the two surfaces of the quartz. 
The harder the quartz is squeezed, the greater the voltage between 
the two surfaces. Charges of opposite polarity appear when the 
quartz expands and the voltage between the two surfaces is in the 
opposite direction. 

If two metal plates are placed against the two surfaces of the 
quartz and then connected to a battery, the difference in voltage 
between the two plates will cause the quartz to flatten slightly as 
if it were squeezed. When the voltage is shut off, the molecules 
of the crystal will spring back into shape and will continue to 
oscillate, just as the released spring oscillates, at a frequency that 
depends on the thickness of the quartz. The oscillating crystal 
generates voltage surges which you can use to control the fre- 
quency of an oscillator. You will see how this is done later in 
this chapter. 

This peculiar property of a quartz crystal is called the 'piezo- 
electric effect. Tourmaline crystals also are piezoelectric, but they 
are quite expensive. The tourmaline crystal is used in very high 
frequency circuits which require quite thin crystals. 

Rochelle-salt crystals, which are also piezoelectric, are used in 
crystal microphones and in phono pickups. The rugged quartz 
crystal is better fitted for use in oscillators. 

Note. The quartz crystal is entirely different from the silicon 
or galena crystals used for a detector in the receiving sets described 
in Chapter 9. 

How the quartz crystals are prepared for use in radio circuits. 

Plat, thin slabs are cut out of large quartz crystals with rotary 
diamond saws. Blanks for use in radio circuits are cut in several 
different ways. The blanks from which the finished radio crystals 
that you will study are made are cut with edges parallel to the long 
edges of the original quartz crystal. In Fig. 435 you can see the 
position of the X cut and the Y cut in the original crystal. The 
X cut is taken at right angles to two flat surfaces, or sides, of the 
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crystal. The Y cut is taken bet ween the two corners of the crystal. 
There are also a number of other cuts made at different angles for 
special purposes. 

The frequency of vibration. Each crystal, when properly cut 
and finished, will vibrate at one fixed frequency. This ability of a 
crystal to vibrate at only one frequency is the characteristic that 
makes it valuable for radio use. The thickness of the slab deter- 
mines the frequency at which the crystal will oscillate. Thick 

7 he X cut blank The Y-cut blank 



c Crys taJs with ' 
blanks cut out 


Fig. 435. Here arc two crystals w ith blanks cut out. Note the different direction 
of the cut for the X-eut crystal and for the Y-cut crystal. 

crystals of a given type of cut vibrate more slowly (at a lower 
frequency) than do thin crystals. An X-eut crystal which will 
oscillate at the rate of 1800 kilocycles (1,800,000 cycles) per sec- 
ond is about the size and thickness of a dime. Y-cut crystals are a 
little more than half as thick for the same frequency. 

How finished crystals are prepared. After the rough blank has 
been sawed out of the rock crystal, it must be ground until it is 
perfectly flat and the same thickness throughout. 

How the crystal is connected in the circuit. A finished crystal 
blank is placed in a special holder. There are many types of 
holders on the market. Fundamentally, a holder consists of two 
metal plates placed on each side of the crystal. The plates are 
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ground perfectly flat and smooth. They are nickel-plated to pre- 
vent corrosion. 

A commonly used crystal holder is one in which the crystal rests 

between two metal plates in an 
enclosed holder (see Pig. 4 36). 
The upper plate is laid loosely 
on the crystal. Connection to 
the two metal plates is made 
by wires from each plate to a 
terminal pin on the crystal 
holder. A cover keeps out 
dust and dirt particles (see Fig. 
436). In some crystal holders 
the upper plate is spaced away 
from the crystal. Still other 
crystal holders are arranged so 
that this spacing may be ad- 
justed to make small changes in frequency at which the crystal 
will operate. 

How the crystal operates. The two plates between which the 
crystal rests form a condenser with the crystal as a dielectric. 
When there is no voltage between the two ])lates, there is no strain 
on the crystal. But when one plate is made positive and the other 
is made negative by voltage, the two {dates are of opposite polarity. 
This places the crystal under an electrical strain, or pressure, and 
causes it to flatten out slightly. When the voltage is removed the 
crystal springs back to its original shape and beyond it, oscillating 
after the voltage is removed. The speed at which it vibrates 
depends both on its thickness and the way it was cut from the raw 
crystal. 

Now, if we connect an alternating voltage across the metal {dates 
that has the same frequency as the frequency at which the crystal 
naturally vibrates, the crystal will oscillate as long as this alter- 
nating voltage is applied. If the voltage alternates at any other 
frequency, the crystal will not oscillate. The rock crystal vibrates 
freely at one frequency, but at any other frequency it remains 
motionless. 

The crystal will produce an alternating voltage. If you apply a 
pressure to the crystal at regular intervals by means of an alter- 
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of one type of crystal holder. 
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nat in# voltage, it will produce an alternating voltage of the same 
freciueiicy as that at which the pressure is applied. But the applied 
voltage must he at the frequency for which the crystal is ground; 
otherwise, the voltages generated by the crystal will oppose the 
applied voltages. When the applied voltage and the generated 
voltage have the same frequency, the natural tendency of the 
crystal to oscillate causes the applied voltage and the generated 
voltage to aid each other. 

Temperature affects frequency. An X- or a Y-eut crystal will 
oscillate at a slightly different frequency when the temperature 
changes. When such crystals are used in broadcast sets, they are 
placed in ovens in which the temperature ;.>» kept uniform by a 
thermostatically controlled electric heater. 'Phis prevents fre- 
quency changes because of changes in operating-room tempera- 
ture. (There arc cuts other than the X and Y which have less 
frequency change per degree of temperature and are used where 
greater accuracy is demanded.) 

These frequency changes are relatively small as compared with 
the changes that the same temperature variation would cause in a 
self-excited oscillator, and they would not be important if broad- 
casting stations were not compelled by law to hold their frequencies 
so nearly constant. A broadcasting station on 1500 kilocycles, 
for example, must keep its carrier frequency constant to within 
GO cycles (50 cycles in 1,500,000, or 50 /l, 500,000 - 0.003 per cent). 

Questions 

1. Will a crystal oscillate if its sides are not parallel ? 

2. What effect does thickness have upon the rate of vibration of a crystal? 

3. Will the crystal oscillate if the impressed alternating current has a frequency 
different from the rate of vibration of the crystal? 

PART 6: THE CRYSTAL-OSCILLATOR CIRCUIT 

How to Build and Wire the Set 

Parts for the set. Screw two octal sockets to the baseboard, 
one for the crystal holder and one for the tube. Also mount a 
four-prong wafer socket on metal standoff tubes for the plug-in coil 
(see Figs. 437 and 438). The tank condenser in the plate circuit is 
the same as the one used in the Hartley circuit. The tank coil is 
wound on a standard li-inch diameter, four-prong, plug-in coil 
form. Wind on closely 25 turns of No. 18 enameled wire. Start 
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the winding near the top of the coil form. Use a 50, 000-ohm 
1-watt grid-leak resistor. 

Use a 1-watt hi as resistor of 200 ohms to 400 ohms. Try differ- 
ent values to find the size at which you get the greatest output 


GV6 or 



Fig. 437. The layout of parts for the crystal oscillator. 


6VG or 6L 6 


Output 



from the oscillator. The by-pass condenser is a 0.01-microfarad 
paper condenser with a 600- volt rating. 

Note the screen by-pass condenser, with a 0.01-microfarad 600- 
volt capacity. The screen resistor is 15,000 ohms with a 1-watt 
rating. You may also try other resistor values to find the effect 





POWER OSCIIJjATORS AND AMPLIFIER CIRCUITS 


509 


that the changes in screen voltage have on the output of the oscil- 
lator. Connect a 60-milliampere dial lamp in the grid circuit as 
shown in the diagram. If too much grid current flows, the crystal 
will heat and will break. The dial lamp in the grid circuit will 
glow only when there is excessive grid current. It will burn out 
when the grid current exceeds 60 milliampcres and thus acts a*- a 
fuse to protect the crystal. 

Tubes used in oscillator circuits. The voltage produced by the 
oscillating crystal is weak. A type of oscillator tube must be used 
which will develop the greatest output from this w<*ak grid voltage. 
The crystal operates best with high-mu power tubes such as the 
(JVC or the 6Lfl. Either tube may be u»cd in this circuit, since 
both have the same socket connections. 

How to Operate It 

Step 1 . Turn on the heater current to the tube, and check 
connections. 

Step 2. Turn on the B voltage. Observe the plate current. 
It will be about 20 milliampcres with 250 volts on the plate, unless 
t lie circuit is oscillating. Test for oscillation by touching the tank 
circuit with a lead pencil or a neon tube. 

Step 3. Turn the condenser to tune the tank circuit to the fre- 
quency of the crystal. The tuning of this circuit is critical, and it 
will oscillate only when it is tuned to the frequency of the crystal. 
The plate current will drop sharply as the circuit begins to oscillate. 

Turn off the plate voltage if the circuit cannot be made to oscil- 
late by tuning the tank circuit. Check for poor connections or a 
burned out dial lamp. 

Connect a direct current meter of 0 to 100 milliamperes in the 
positive plate lead. 

Questions 

1. Should high- or low-mu tubes be used with a crystal oscillator? 

2. What is the disadvantage of using a high grid current on the crystal 
oscillator? 

How It Works 

When the cathode is heated, it throws off electrons. When the 
power is turned on, it makes the plate highly positive. The posi- 
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tive plate draws electrons from the space charge around the cath- 
ode, and plate current flows. 

The plate tank circuit oscillates. When the surge of electrons 
from the tube plate reaches the tank coil, the electrons begin to 
oscillate through the tank circuit. See the explanation of how the 
Hartley oscillator works. 

Feedback starts the crystal oscillating. At the instant that the 
B supply makes the plate positive, the grid becomes negative by 
condenser action (see Fig. 438). The highly positive plate draws 
electrons to the grid from plate A' of the crystal holder. This 
makes plate X very positive. The condenser action between 
plate X and plate Y of the crystal holder causes electrons to be 
attracted to plate Y. 

The unlike charges on X and Y cause the two plates to be 
attracted to each other. There is enough squeeze, or pressure, 
between the two plates to cause the crystal to flatten out slightly. 

The crystal vibrates, or oscillates. Once set into vibration, the 
crystal will continue to oscillate as long as driving surges come from 
the tube. Current fed back through the capacity of the tube from 
the plate-tank circuit gives the crystal these driving surges. If 
these surges are too strong, they can build up vibrations in the 
crystal which will cause it to shatter. 

As the crystal oscillates, it generates an alternating current 
between plates X and 1 which, when timed properly with the cur- 
rent fed back through the tube, takes control of the action of the 
grid. 

How the crystal controls frequency. The crystal will oscillate 
best at one frequency. Electron surges generated by the oscil- 
lation of the crystal reach the tube grid and time the surges of 
plate current which keep the tank circuit oscillating. If the tank 
circuit is tuned so that it oscillates at a frequency different from 
that of the crystal, the current fed back through the tube will 
reach the crystal out of time with the surges generated by the 
crystal. The two sets of surges oppose each other and will stop 
the oscillation of crystal. The tank circuit can also oscillate at 
multiples of the crystal frequency. 

Purpose of the radio-frequency choke and grid leak. When 
the grid becomes positive, it collects electrons from the filament. 
These electrons flow back to the filament through the radio-fre- 



POWER OSCILLATORS AM) AMPLIFIER CIRCE ITS 


511 


quency choke and the grid leak. The grid-leak resistance keeps 
enough electrons on the grid to prevent [date current from flowing 
except at limed intervals. The grid is negative during most of 
tin plat ('-current cycle. The radio-frequency choke prevents the 
rapid surges of alternating current generated by the oscillation of 
the crystal from shorting through the grid-leak resistor. Instead, 
it forces the surges on and off the grid. 

Questions 

1. Where is the voltage produced that keeps t lie crystal in oscillation? 

2. Explain what happens if the plate tank circuit is tuned to a frequency 
different from that of the crystal. 

3. What is the purpose of the radio-frequency choke? 

4. What is the purpose of the grid leak? 

PART 7: THE TRANSMITTER POWER SUPPLY 

What voltage power supply is needed for transmitter experi- 
ments? If you will glance over the characteristics of the popular 
transmitting tubes used by radio amateurs and in low-powered 
commercial radio transmitters, you will find that the plate voltages 
run from about ,‘150 volts for receiving type of tube, which may be 
used as an oscillator or amplifier, up to [5000 volts. The plate 
currents drawn by these transmitting tubes run from a few milli- 
aiuperes up to 500 milliamperes. 

You will find that many of the circuits described in this and later 
chapters will operate more effectively and will be more instructive 
if operated at higher voltages than you have so far used. A power 
supply which will deliver 400 volts and 200 milliamperes is a good 
compromise between the higher operating voltages commonly used 
with these tubes in actual transmitters and a value desirable for 
student use. 

What parts are needed to build and wire the power supply? 

The power transformer should deliver 425 volts on either side of 
the center tap and have a current rating of 200 milliamperes. It 
should have a 5- volt secondary for the rectifier-tube filament. It 
should also have a 6.3-volt 10-ampere secondary for the oscillator- 
and amplifier-tube filaments. 

You will need two oil-filled filter condensers, one 4-microfarad 
600-volt and the other 8-microfarad 600-volt. Obtain a 15-henry 
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200-inilliamperc choke. The bleeder resistor should be 15,000 
ohins with a 25-watt rating. 

Wire the power supply as shown in Fig. 439. 



Flu. 439. The high voltage power supply. You ma\ substitute the 5X4 for the 
5Z3 rectifier tube if you wish to use an octal socket. 


PART 8: THE RADIO -FREQUENCY POWER AMPLIFIER 

While a radio-frequency amplifier operates on the same basic 
principle as the radio-frequency amplifier in a receiver, there are 
many practical differences. The radio-frequency power amplifier 
uses high plate voltage and heavy current flow. Either a triode 
or a pentode tube can be used. When a triode tube is used, the 
circuit must be neutralized to prevent unwanted feedback. Neu- 
tralization is not always required for the pentode. Some circuits 
work well without neutralization. A special source is needed to 
supply the high C bias required for class C amplifier operation. 

There are several uses for the power amplifier. This power- 
amplifier circuit may be used for the final amplifier stage of a low- 
powered transmitter to build up the carrier wave to its maximum 
power before delivery to the antenna. It may also be used as a 
buffer amplifier. When used as a buffer amplifier, it is placed 
between the oscillator tube and the final amplifier to prevent vari- 



POWER OSCILLATORS AND AMPLIFIER CIRCCITS 


513 


at ions in voltage, or power, in the final stage from affecting the 
frequency of the oscillator. A buffer amplifier is often used both 
ahead of and following a doubler amplifier in radiophone circuits. 

Tubes to use. The 0C5 triode will work as an amplifier, but 
pentode tubes such as the (>F(> or the (>Y(> are better for low- 
powered amplifiers. They will handle more power than will the 
triode. The beam power tubes will handle still more power. 

Special transmitting power tubes are used in transmitter circuits. 
They are built with heavj filaments, or cathodes, to handle the 
heavy plate current. You will use the T20 triode and the 807, 
popular pentode power-amplifier tubes. You will use the 807 first 
in these experiments. Then you will learn the principles of neu- 
tralization by using the T2U. 

Power -handling capacity of a tube. The power a tube will 
handle is fundamentally determined by the amount of heat it can 
dissipate and the emission capability of the electron emitter. Heat 
is caused by the impact on the plate of electrons released by the 
filament, or cathode. The plate is sometimes blackened to radiate 
the heat Some tubes have carbon plates. Others use tantalum 
for the plate. 

If the heat exceeds the limits of the tube, gas is driven out of 
the elements and the tube’s operation is impaired. Most tubes 
are reaching the danger zone when the plates turn red. 

How to Build and Wire It 

Build this circuit on a large set board as shown in Fig. 440. 
The schematic diagram for an 807-pentode power amplifier is 
shown in Fig. 441. It is capacity coupled to the oscillator tank 
coil. Provide two clips, or binding posts, in the grid circuit for 
the grid-bias resistor. Also provide two clips for the grid -current 
meter. 

How to Operate It 

A. Adjust the oscillator 

Step 1. Hook up the amplifier and the crystal oscillator (see 
Fig. 442). 

Step 2. Connect the filament heaters to the power supply, and 
test the connection (see Fig. 442). Turn off the power supply . 
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Via. 440. The 807 radio-frequency power amplifier board layout. 


Mica coupling condenser 



Fig. 441. The schematic wiring diagram of a pentode power amplifier. 
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6 LG Crystal Oscillator 307 r-f Power Amplifier Dummy Antenna 




. 442. Hook up flu* oscillator and amplifier l>v first connecting the wires to 
heater circuits ami to the power supply. 



Fig. 443. Connect the B-minus wire as shown here. 
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Step 3. Connect a wire from the power supply to the B minus 
on both boards (see Fig. 4415 ) . 

■Step J). Connect the B-plus wires to the oscillator board (see 
Fig. 444). Use about 250 volts. Connect the B power to the 
amplifier later. Attach a 0 to 100 direct -current milliammeter in 
the B-plus wire to the oscillator. Connect a 0 to 200 direct -current 
milliammeter in the B-plus lead to the H07 amplifier. 

Step ft. Turn on the B power to the oscillator. Tune the oscil- 
lator for the meter dip which shows oscillation. Tune a few points 

6L 6 Crysta I Oscillator 807 r-f Power Amplifier Dummy Antenna 



Fig. 444. Attach the meters and the B-plus connections to the power supply, 
and your act is ready to operate. 

away from the oscillation point, so that the added load, when the 
amplifier is coupled to the oscillator, will not throw the oscillator 
out of oscillation. Turn of the B power. 

B. Attach the amplifier to the oscillator 

Step 1. Now couple the amplifier to the oscillator by attaching 
a wire from the plate end of the oscillator tank coil to the input 
terminal on the 807 amplifier board. 

Attach a 50- volt C battery to the posts for the grid resistor. 
Be sure that the negative end of the C battery is connected toward 
the grid. 

Note . If the C battery is made up of a 45-volt B battery tapped 
at 22.5 volts and ten 1.5-volt flashlight cells connected in series, 
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you will be able to adjust the bias voltage and watch its effect on 
the output of the amplifier. Start your experiment with the grid 
50 volts negative. 

Step 2. Attach 400 volts to the R-plus terminal of the amplifier. 

Xoie. While higher voltage can be used on the amplifier to 
obtain a higher power output, the added danger of shock makes 
this undesirable. The set will operate satisfactorily at the lower 
voltage and be safer to handle. 

Step 3. Turn on the B power. The grid meter should show a 
B-milliampere grid current. If it does not read this value, adjust 
the grid-bias voltage until it reads S milliamperes. 

Watch the plate-circuit meters to see that the oscillator is in 
oscillation and that the amplifier plate current is not excessive 
(over 100 milliampc res). 

Step Jf. Tune the amplifier for the lowest dip in plate current. 

Xote. If the C bia* is removed from the amplifier tube, excessive 
plate current will flow and will damage the tube. The effect of 
high plate current is to overheat the plate, make the tube gassy, 
and possibly warp the tube elements enough to short them. This 
may short the power supply and cause further damage. You can 
prevent damage by watching the amplifier-plate meter and the 
tube plate. If the plate begins to get red, turn the set off and look 
for the cause of the trouble. 

C. Attach the dummy -antenna load 

Step 1. Couple the dummy antenna to the 807-power-amplifier 
tank coil. Set the pickup coil of the dummy antenna near the 
plate end of the tank coil. 

Step 3. Retune the oscillator and amplifier for the current dip. 
More plate current now flows, because power is being absorbed by 
the dummv-antenna load. 

Step 3 . Adjust the 807 grid current. 'Hie grid current with 
400 volts on the plate will be about 8 milliamperes. 

When you couple the dummy antenna to the 807 amplifier, you 
load the circuit. The plate current will rise as well as the grid 
current. You can adjust the grid current by changing the C-bias 
voltage. 

Step 4 . Find the bias-resistor value. When you find the correct 
grid-bias voltage for the loaded amplifier, you can compute the 
value of the grid resistor by Ohm’s law, / = E /R. You can read 
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the grid current I on the grid meter. You know E , the voltage of 
the C battery needed to produce the grid current. Work out the 
value of li from these two values. 

Why It Works 

Surges from the oscillator tank coil reach the amplifier through 
the coupling condenser. The grid, biased to twice cutoff, allows 
no plate current to flow during most of the grid cycle. When the 
grid is most positive, just at the peak of the cycle, a surge of plate 
current flows. 

This strong surge reaches the tank coil, starts a surge through 
the coil, and then cuts off. The surge, or oscillation, continues 
through the tank coil, returns, and, just as it starts back, the next 
kick of plate current comes from the tube. 

Class C amplification is used because powerful radio-frequency 
surges are produced very efficiently. Plate current flows only at 
the peak of the positive grid surge. During the rest of the cycle, 
the grid is so negative that no plate current flows. The tube thus 
runs cool. Therefore, with class C amplification, much more power 
can be handled by the same tube than could be handled by class A 
or class B amplification. 

Class C Amplification 

Amplifiers in radio transmitters have the job of developing radio- 
frequency power. Power, as you learned in an earlier chapter, is 
the product of voltage times current. Higher power is obtained 
by increasing the current, by increasing the voltage, or by increas- 
ing both the current and the voltage. Either the tube which 
handles high current must be large and expensive to dissipate heat 
or the circuit must be arranged so that current only flows during 
part of the cycle. 

You know from your study of class B amplifiers that when plate 
current only flows during half the cycle the tube runs cooler than 
when current flows all of the time, as in the class A amplifier. 
You can use this same principle for the radio-frequency power 
amplifier. But now, since you intend to use high voltages and 
heavy currents, you should go even further than with the class B 
amplifier. You ought to let current flow through the tube for 
even less than a half cycle. 
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Class C amplifiers are biased to near twice cutoff. With this 
very high bias, the grid is so negative that only at the peak of the 
surge on the grid is there any plate current flowing through the 
tube (see Fig. 445). 

Then, because the plate voltage is high, considerable current 
flows. For example, the maximum plate voltage on the 807 is 




Fig. 445. The amplifier that is biased to twice cutoff for class C operation needs 
strong grid-driving voltage and delivers much ]><>" cr. 

000 volts. The grid bias is minus 50 volts. At this plate voltage 
the plate current is 100 milliamperes. The power input is 00 watts. 
Class C bias is so efficient that about 40 watts of output is obtained 
at these conditions. 

When the short but powerful surge of plate current occurs, it 
starts an oscillation of current through the tank circuit. Then 
the high grid bias cuts ofF the plate current, and no more current 
flows through the tube. Thus, since the heavy plate current flows 
for only a small fraction of the time, the tube will run cool. 



520 


UNDERSTANDING RADIO 


The surge, started in the tank coil, continues for the rest of the 
complete oscillation because of the energy storage that takes place 
in both coil arid condenser (see “llow the Hartley Oscillator 
Works” in Part 1 of this chapter). 

PART 9: HOW TO NEUTRALIZE THE POWER AMPLIFIER 

Amplifier circuits which use a tlirec-elemcnt tube, such as the 
T20, must be neutralized to prevent the generation of unwanted 
frequencies because of the feedback action of the tube elements. 
When the crystal oscillator is in operation, the amplifier will prob- 
ably oscillate at the frequency to which the crystal oscillator is 
tuned, even though the amplifier is not neutralized. But should 
the crystal oscillator stop oscillating, the amplifier would go into 
self-oscillation at a frequency other than the crystal frequency. 
To prevent this unwanted oscillation, you must be sure the ampli- 
fier is properly neutralized. 

Neutralization is needed on the amplifier. Neutralization must 
be used because there is enough capacity between the plate and 
grid of these tubes to feed back sufficient energy from the plate 
circuit to the grid circuit to set up oscillations which are not con- 
trolled by the oscillations from the preceding stage. The ampli- 
fier then acts somewhat like a self-excited tuned-plate tuned-grid 
oscillator. 

The neutralized power-amplifier circuit is shown in the diagram 
in Figs. 446 and 447. Note the connection of the neutralizing 
condenser in this circuit. 

Use a 20-micromicrofarad midget neutralizing condenser. This 
condenser must have about twice the capacity that is between the 
grid and the plate of the tube you are using. The interelectrode 
capacity is shown in a tube chart. 

There are several methods of picking up the neutralizing volt- 
age from the tank coil, but the method shown in the diagram (Fig. 
447) is the most practical. Make the B-positive connection a few 
turns from the end of the tank coil with a clip, so that the con- 
nection can easily be changed. 

How to Operate the Set 

Step 1 . Disconneet the B-positive lead from the T20 amplifier 
stage. 




Flo. 447. Sehematie wiring diagram of the neutralize! power amplifier. Note 
that the amplifier is operate*! at reclueed filament voltage. 
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Step 2. Heat the cathode and filament of the oscillator and 
amplifier tubes. 

Step 3. Connect the B-positive tap a few turns from the end of 
the plate tank coil opposite to the connection to the tube plate. 

Step Jf. Touch the base of a neon tube to the plate end of the 
amplifier tank coil. If the tube glows, the tank circuit is oscillating 
and must be neutralized. 

Step 5 . Turn the neutralizing condenser N until the glow in 
the neon tube disappears. At this condenser setting, the capacity 
of the neutralizing condenser and the capacity between the grid 
and plate of the amplifier tube are equal, and the set is neutralized. 
You may have to move the position of the B-positive tap if the 
neon-tube glow cannot be eliminated by adjusting the neutralizing 
condenser. 

Step 6. Attach the B-positive lead. 

Questions 

1. Why must those radio-frequency amplifiers he neutralized ? 

2. How should the size of the neutralizing condenser compare with the capacity 
between the grid and the plate of the tube? 

3. How can you tell when a stage is neutralized ? 

Why It Works 

When the set is in operation, regular surges come into this cir- 
cuit over wire D (Fig. 448) from the crystal oscillator. 

Now follow a surge as it arrives at the tube grid, and watch its 
effect on the circuit. 

The Action of an Amplifier without Neutralization 

Effect of the excitation surge. When a surge from the oscillator 
stage drives electrons onto grid A of the amplifier tube, it makes 
the grid negative and stops the flow of current to the plate. 

The tank current surge. While the grid is negative, the oscil- 
lating current in the tank circuit surges as shown in Fig. 448. 
Some electrons are forced onto the plate of tube B , because there is 
now an electron pressure on the plate end of the tank coil. This 
makes the plate less positive. 

The plate will repel electrons from the grid. This interferes 
with the strength of the surges coming from the oscillator to the 
amplifier grid which we want to control the tank-circuit surges. 
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The tank-circuit surges reverse. When the surge in the tank 
coil reverses, electrons are drawn off the tube plate, making it more 
positive than it was. The positive plate pulls electrons to the grid, 
which should now be more negative, again interfering with the 
strength of the driving surges from the oscillator. 

The effect of the interfering charges on the grid is to set up 
unwanted and interfering frequencies. It is this unwanted fre- 
quency which lights up the lamp you use to test neutralization 
with the B power turned off. 



Fig. 448 . Without neutralization, the surges in the tank circuit drive electrons 
onto the plate and cause feedback through the tube. 

How neutralization stops unwanted surges. The neutralizing 
condenser is connected as shown in Fig. 440, so that electrons are 
forced onto it at the same time that they are forced onto B. Why 
does this happen? 

When the tank-current surge flows through the upper part of 
the coil, it induces a current in the opposite direction in the lower 
part of the coil. 

Electrons from the induced current flow to the grid by way of 
the neutralizing condenser X. They reach the* grid in time to 
oppose electrons reaching plate B from the upper part of the tank 
circuit. 

By adjusting the position of the B-plus tap on the coil and by 
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properly setting the neutralizing condenser, the same number of 
electrons reach the grid as are on the plate. Since the voltage on 
the grid is equal and opposite to the voltage on the plate, no feed- 
back occurs through the tube. The amplifier is neutralized, and 
the surges from the oscillator can now drive the amplifier without 
interference. 

The B-positive lead is connected to the ground (B minus) by a 
small condenser. The point on the coil where B positive taps in 
is always at zero, or ground, potential as far as the radio-frequency 



of proper strength and timing to prevent feedback through the tube. 


current is concerned, because any voltage which tends to develop 
here is by-passed through the condenser to the ground. The con- 
denser, however, keeps the direct current of the B positive and 
B negative separated (see Fig. 447). 

Questions 

1. What effect docs the capacity between the grid and the plate have upon the 
operation of a radio-frequency amplifier? 

2. When the A" end of the tank coil is positive, what effect would the grid have 
upon the feed line I) if the amplifier were not neutralized (see Fig. 448) ? 

3. If plate A of the condenser had a ready supply of electrons, would it also 
try to pull electrons from line D? 
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4. Explain hem the } r end of the tank roil rouhl supply the needed eleetn»ns to 
plate A. 

5. What is the purpose of the neutralizing condenser ? 

6. Why is the B-positive lead not attached direeth to the Y end of the tank 
coil ? 

PART 10: THE FREQUENCY-DOUBLER CIRCUIT 

A crystal for the higher frequencies must be cut ver\ thin. Such 
a crystal is easy to break if it is handled or if it used in a circuit 
that is improperly operated. Crystals ground for the 80-meter 
bands are rugged and thick enough for ordinary experimental and 
operating use. 

You can operate on the higher frequencies with crystal control, 
as is done in amateur transmitters and m frequency-modulated 
transmitters, by using frequency doublers, tripler.s, or quadruplets. 
Thus 40-meter frequency can now be amplified just as could the 
80-meter frequency. Several stages of amplification can be added 
at the higher frequency. 


Question 

What are some advantages to amateurs of using frequency -douhler circuits? 

How to Build and Wire the Set 

Place the socket for the tube and for the plate tank coil and 
condenser in the position shown in Fig. 450. Use 000-volt mica 
condensers for the coupling and the blocking condensers in the 
plate circuit (sec Figs. 450 and 451). The coupling condenser 
must stand the plate voltage of the preceding stage. Its voltage 
rating should be twice the plate voltage. 

Tube . Use an 807 power tube. 

Bias. Use either a C battery or a 30,000-ohm noninductive 
resistor connected to the grid through a radio-frequency choke to 
get the proper bias. The bias voltage must be twice the voltage 
needed for cutoff. 

Choice . Use a 2£-microhenry radio-frequency choke in this 
circuit. The type of choke used in receivers can be used in sets 
of up to 50 watts input. 

Coil. The coil will have half as many turns as the coil you 
wound for the crystal oscillator. 
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How to Operate It 

Step 1. Turn on the heater current for the oscillator and 
doubler. 


0.00/-fjf, rrnca , 600 volts 
Coupling condenser ) 


15,000 ohms 


r-f Choke ~~ 
2-fa mh / 

Bias Resistor -A ~~ 
30,000 ohms A 
5 watts / 


f /50ju M p 


OO/pf ~60qjo/tsj 


*H 8- 


V. Output 


6. 3 volts 


400 vo/ts 
c/c 


{MAY 0 to 10 c/c 


Pig. 450. This is the hoard layout for the frequency-doubler circuit. 


' OOhpR mica 600 vo/ts 
p. Coupling condenser 


r-f Choke 
2 k mh 


(15,000 ohms 
1 \ 5 watts 


Output 


30,000 ohms 
5 watts 
Bias resistor 


150 ppf 


O.O/pf-*-' 
mica- 600 wth 


IMA) O to 200 dc 


HH 3- g + 

63 vo/ts ac 400 vo/ts dc 

Flo. 451. This is the schematic diagram for the frequency-doubler circuit. 

Step 2. I urn on the B voltage after the cathodes have had time 
to heat. 

Step 3. Adjust the tuning condenser until the crystal stage is in 
oscillation. 

Step 4. Tune the doubler circuit to twice the frequency of the 
oscillator. Check with an absorption type of wavemeter (which 
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responds only to the fundamental frequency and will not respond 
to harmonics). 

When tuned off frequency, the doubler will draw a heavy plate 
current. 

You can tune the set so that it doubles twice (quadruples), as 
from 80 meters to 20 meters, in the same stage. But if this is 
done, the output of the circuit is very low and its efficiency poor. 

( Current flows to plate on/\ 

' during the peaks of t he grid wa\ es 



Fig. 452. The wave picture that shows how the frequency doubler works 


Caution. The grid bias, when a resistor is used, is caused by 
the current from the oscillator (the excitation voltage to the doubler 
grid). If the oscillator is turned off, the grid will become positive 
enough to draw current. Heavy plate eurient will flow and the 
doubler tube may possibly be injured 

For this reason, the oscillator stage is not keyed alone in telegra- 
phy operation. 

How It Works 

The grid of the doubler tube is excited by electron surges from 
the oscillator circuit through the coupling condenser (see Fig. 
451). The voltage applied to the grid of the tube is called the 
grid excitation. 
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The wave-form picture in Fig. 452 shows the current from the 
previous stage that is on the grid of the doubler tube. (The grid 
of the doubler tube is biased to about twice cutoff.) Current will 

flow in the plate circuit of the 
doubler tube only when the 
surges from the previous stage 
become positive enough to 
overcome the grid bias (see X 
and Y y Fig. 452). 

The doubler tank circuit is 
tuned to twice the frequency of 
the oscillator. When current 
flows through the doubler plate 
circuit, it starts a surge in the 
tank circuit (see Fig. 453). 
This current surges through 
the tank coil to side B of the condenser and returns through the 
tank coil to side A. It then coasts back again through the coil to 
By then back to A. 

The moment the surges from A start toward B again, the grid 
becomes positive (shown on the wave picture at X 9 Fig. 452), 
allows current to flow for an instant through the tube, and gives 
the current surge a push through the tank circuit. Again the 
tank circuit coasts through two complete oscillations before the 
grid becomes positive enough (at T, Fig. 452), to give the plate 
tank another push. 

The frecpiency of the doubler tank circuit is twice the frequency 
of the surges of the grid on this circuit. This doubles the oscillator 
frequency. 

There is some loss of energy during this coasting. But this loss 
is of far less importance than the expensive apparatus this circuit 
replaces. Any loss in the doubler circuit is made up in the ampli- 
fying circuits which precede and follow the doubler. 

Questions 

1. What is the disadvantage of doubling the frequency twice in the same tube ? 

2. What might cause the plate of the tube to get red-hot ? 

3. Why is the oscillator stage in a doubler circuit never keyed ? 

4 . How much of the time is current flowing in the plate circuit of the doubler 
tube? 



Fig. 453. Use this circuit to study the 
surges that produce neutralization. 
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PART 11: THE PUSH-PULL FINAL POWER AMPLIFIER 

'I he single-tube amplifier is used both in buffer circuits and 
sometimes in the final amplifier stage of the transmitter. But if 
much power is applied to this circuit by using high B voltage, the 
tube heats and does not operate efficiently. An improved circuit 
which uses two tubes operates in push-pull. The push-pull circuit 
has many advantages. It can use a higher B voltage and it will 


oo? 
Tub*? / 



Fig. 454. The schematic circuit diagram for the push-pull radio-frequency power 
amplifier. 


develop more power than can a single tube, and the two tubes will 
not overheat. 

Some power is lost in a one-tube amplifier by energy by-passing 
to the ground through the capacity between the grid and the fila- 
ment. The capacities between the grid and the filament of the 
two tubes in this push-pull circuit are in series (see Fig. 454). 
This lowers tne capacity to ground so that the radio-frequency 
energy loss is reduced. The second harmonic generated in single- 
tube amplifier circuits is canceled out in the push-pull circuit. 
Other advantages of the push-pull amplifier circuit when used at 
high frequency will be taken up later. 

The push-pull circuit is generally used in the final amplifier stage. 




UNDERSTANDING RADIO 


!i‘M) 

II is more often used to develop liigh power output in the final 
stage than in the stages ahead of the final amplifier. 

Question 

Make a list of advantages of the push-pull circuits over the one-tube amplifier. 

How to Build and Wire the Set 

Build this amplifier on a larger board. Build two identical tank 
coils ( see Fig. 455). These coils arc the same as those described 
for the crystal oscillator in Part 6 of this chapter. This circuit is a 
tuned-plate tuned-grid circuit, and so there must be a grid tank 



6 . 3 vo/ts 400 vo its 

a c dc 


Fig. 455. This is the board layout of the push-pull power amplifier. 

circuit and a plate tank circuit. Provide two sockets for the 807 
tubes. Series feed is used in this circuit. 

The plate blocking condenser and the by-pass condenser are all 
(500-volt mica condensers. Use a 7500-olim 5-watt bias resistor. 

How to Couple between Stages 

A new coupling method between stages must be used for the 
push-pull circuit. In the earlier amplifier circuits that you have 
studied, you could use a coupling condenser. But the tuned-grid 
circuit of the push-pull amplifier can be coupled more effectively 
by some form of inductive coupling. A convenient scheme is to 
use a coupling link. 

The coupling coils may be three turns of No. 18 insulated hookup 
wire. Make the loop about ^ inch larger in diameter than the 
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tank coil of your amplifier (see Fig. 456). Twisted wires of the 
same size connect the two links. The length of the connecting 
wires is not important. 

How to Hook Up the Amplifier 

Step 1 . Set the 807 radio-frequency amplifier near the push-* 
pull 807 amplifier hoard. Attach the coupling links. 

Step 2. Adjust the links so that both are near the base of the 
coils. 

Step 3 . Attach the heater and 13-power wires. 



Fig. 456. Link coupling. The three-turn links nuiy he moved up or down the 
coil by bending the supporting wires. 

How to Operate the Amplifier 

A. Tune the oscillator and amplifier 

Step 1. Turn on the heaters. 

Step 2. When the oscillator is tuned to the proper frequency, 
enough current reaches the grid of the power-amplifier tube from 
the previous amplifier stage to provide excitation. 

B. Tune the push-pull amplifier 

Step 1. Tune the grid circuit until you get the maximum read- 
ing of the grid meter. 

Step 2 . Tune the plate circuit for the lowest dip of the plate 
meter. 

C. Couple the amplifier to a board 

Step 7. Couple the dummy antenna to the amplifier. Figure 
out the size of lamp you will need in the dummy antenna from the 
plate voltage and the plate current. 

Step 2. Tune the dummy antenna. 

Step 3. Retune the grid and plate of the amplifier. 
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Step Jf. Adjust the coupling of the dummy antenna to the plate 
tank coil to load the tubes to their rated plate current as shown in 
the tube handbook (200 milliamperes for the 807 tube). Since the 
tubes in this circuit are running at less than their rated voltage, 
the plate current will be less than is shown in the tube manual. 
You can adjust for maximum plate current safely. 

Step 5. Adjust the coupling link so that the grid excitation is 
10 milliamperes. You adjust the grid excitation by moving the 
link toward the top of the amplifier plate coil to increase excitation 
or toward the bottom to decrease excitation. 

Why It Works 

Current surges from the oscillator or from the amplifier stage 
set the grid tank coil in oscillation. When the electrons surge to 
the grid of tube 1, they make the grid so negative that no current 
flows. At the same instant, the grid of tube 2 becomes positive 
enough to allow current to flow through the tube at the peak of the 
surge. 

In the class C amplifier the grid is biased by means of a bias 
resistor to twice cutoff. This means that the grid is so negative 
that it will only allow current to flow through the tube at the peak 
of the excitation wave, or surge. 

Compare the push-pull circuit and the single-tube amplifier. 
Let us examine the plate tank circuit (see Fig. 454). A plate is 
connected at each end of the push-pull tank circuit, while in the 
single-tube amplifier a plate is connected only at one end of the tank 
circuit. The single-tube tank circuit gets a push from the plate 
once every two surges, while the push-pull tank circuit receives a 
push from the plate at each end of the circuit during each surge. 
It is easy to see why the push-pull circuit develops so much more 
power without overloading the tubes than does a single-tube 
amplifier. 

The efficiency of the power oscillator. The push-pull circuit we 
have just described is very efficient and the tube plates remain cool. 
This is because the average current between the filament and the 
plate is low. The current flows through the plate circuit of each 
tube only at the instant when the maximum current of the positive 
surge is on the grid. This means that during most of the cycle 
the tube is coasting, that is, no current is flowing through the tubes. 
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Questions 

1. What type of coupling is used for push-pull circuits? 

2. Make a schematic diagram of the coupling for a push-pull circuit, and 
explain how it works. 

3. How much bias is used in class C amplification? 

4 . Why do the plates remain cool in a push-pull circuit? 

Technical Terms 

dummy antenna — A tuned circuit, consisting of a pickup coil, a tuning condenser, 
and a lamp, which may be coupled to an oscillator or an amplifier circuit in the 
place of an antenna while the performance of the circuit is being tested, 
excitation — The voltage on the grid of an oscillator tube is called the grid excita- 
tion or the exciting voltage. 

frequency meter — A tuned circuit used to test the fr« quency on which a circuit 
is oscillating. The tuning condenser may be calibrated to read the frequency, 
or a calibration curve may be drawn. 

load — Something which absorbs power. A dummy antenna acts as a load to 
absorb power from an oscillating circuit. An amplifier may be the load 
coupled to an oscillator or to another amplifier, 
oscillator — A tube and circuit used to generate radio-frequency oscillations, 
series feed — A circuit in which the B power supply is connected in series with 
the tube plate, the tank circuit, and the cathode, 
shunt, or parallel, feed — A circuit in which the B power is connected to the plate 
through a radio-frequency choke in parallel with the tank circuit. 

Stability — The opreation of an oscillator on one fixed frequency, 
tank circuit — The oscillating circuit, which consists of a tank coil and a variable 
condenser. 
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RADIO-TELEGRAPH TRANSMITTERS 


The radio-frequency oscillators that you have studied are basi- 
cally the same as the oscillator circuit you saw on the visit to the 
broadcast transmitter described in Chapter 1 of this book. The 
same is true of the basic amplifier circuits. If you browse through 
Chapter 1 again, you will recall that one cabinet of the transmitter 
enclosed an oscillator and an amplifier and that following cabinets 
enclosed more powerful amplifiers. 

Now, if you were to visit the radio room of a ship or if you were 
to examine the radio equipment of a transoceanic clipper, you 
would find radio-telegraph sets along with radio-telephone sets. 

Radio-telegraph code. These radio-telegraph sets are used to 
handle important commercial messages that are difficult to trans- 
mit by voice through static and other disturbances. Try to tell a 
person at the other end of a noisy telephone line a name or several 
numbers, and you can understand the difficulty of sending impor- 
tant messages or orders by voice. Sounds like D, R, C, and G are 
easy to confuse. But if radio code is used, these messages arc 
transmitted successfully over long distances. 

Code can be heard and used much farther than can the voice. 
You have often tuned your broadcast receiver to a hiss which you 
knew was a broadcast-station carrier wave, but you could hear no 
voice at all. 

By putting a key in the circuit, it is possible to make and break 
the carrier wave into the dots and dashes of radio code. You may 
do this only if you hold an operator’s and a station’s license, as 
explained later in this chapter. 

The radio amateur. The American and foreign radio amateur 
(the so-called ham) is well known. Many people, young and old, 
men and women, have taken their soldering irons and pliers in 
hand and have built their own equipment, learned the code, and 
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passed the technical examinations, and they now enjoy the pleasure 
of “hamming.” They build and rebuild their sets, trying to get 
the best possible results from them. They try out queer circuits 
and odd ideas. They have established and maintained a multitude 
of radio “nets” over which they carry on a constant stream of 
amateur message traffic as well as plain “ham chatter.” In times 
of emergency and disaster, they have stepped in to provide com- 
munication between the stricken area and the outside world. 
From their ranks have come such men as Armstrong, the inventor 
of the superheterodyne circuit and a frequency-modulation system, 
and Farnsworth, who has contributed outstanding developments in 
television, to mention only two out of hundreds. 

From their ranks have come in two great wars the operators, 
technicians, teachers, engineers, and research men who did much 
to give our forces the best radio equipment in the world and an 
unparalleled group of operators. 

In this chapter you will learn about the following things: 

Part 1: Wliat Is a Radio-telegraph Transmitter? 

Part 2: The Simplest Transmitter -The Crystal Oscillator 

Part 3: The Oscillator- Amplifier Transmitter 

Part 4: Other Transmitter-circuit Combinations 

Part 5: The Antenna Coupling 

Part 6: Revisiting a Broadcasting Station 

PART 1: WHAT IS A RADIO-TELEGRAPH TRANSMITTER? 

Briefly, a simple radio-telegraph transmitter consists of an oscil- 
lator coupled to an antenna, a key, and a power supply. Many 
an amateur has operated such a set until he could afford a better, 
more powerful transmitter. 

By adding radio-frequency power amplifiers and heavier power 
supplies, you can increase the power output of the transmitter. 
The same equipment, with a public-address unit and a modulation 
circuit, explained in the next chapter, can be used as a radio- 
telephone transmitter. 

You have studied a number of oscillator circuits and their oper- 
ating characteristics and peculiarities. You have also learned how 
to use power amplifiers and doublers. You have learned how to 
get a fixed frequency with the crystal oscillator, and you have 
learned methods of setting an oscillator to a specified frequency 
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with the absorption type of frequency meter. You will learn in 
this chapter how to arrange these circuits as transmitters. 

Notice how these circuits are keyed, which stages are neutralized, 
and the hints for refining these circuits to make them better trans- 
mitters. Notice the operating precautions. When you study the 
keying circuits, notice where keying should be done. 

Several groups, or bands, of frequencies are set aside for amateur 
use by the Federal government. Your transmitter may operate in 
these bands of frequencies only after you have passed the govern- 
ment license examination and have been granted an amateur oper- 
ator’s license and a station license. The examination consists of a 
test of your ability to send and receive the continental Morse code 
at the rate of 13 words per minute and to answer a set of questions 
which cover the principles and operation of amateur transmitting 
equipment and the laws and regulations which you must know and 
observe while operating. 

PART 2: THE SIMPLEST TRANSMITTER— THE CRYSTAL OSCILLATOR 

Probably the easiest transmitter to set up is the one that uses 
only a crystal oscillator and a power supply. When keyed and 
connected to an antenna, it makes a low-powered transmitter for 
a beginner but undesirable harmonics may be transmitted. 

While the self-excited Hartley and the tuned-plate tuned-grid 
oscillator will work as transmitters, you are advised against using 
them, because they are difficult to keep on frequency. 

You will find that the crystal oscillator is much more satisfactory 
and easy to adjust and operate. 

How to Hook Up a Transmitter 

Step 1 . Connect the crystal oscillator described in Chapter 9 
to the power supply, as in Fig. 457. The schematic circuit is 
shown in Fig. 458. 

B voltage. The B voltage you can use for the transmitter 
depends on the tube you are using. A 6F6 or a 6V6 will handle 
up to 350 volts, while a 6L6 can handle 400 voks. Higher plate 
voltages may cause damage to the crystal. 

The antenna. The diagram of the crystal hookup in Figs. 457 
and 458 shows an end-fed antenna. The antenna must be cut to 
the proper length for the amateur band on which you wish to 
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operate. You would cut an 80-meter antenna 182 feet long from 
the far end of the antenna to the connection to the tank coil. 


End -fed Antenna 



Fig. 457. A simple transmitter. Hook up a power supply to a crystal oscillator. 
Attach a key in the B-minus lead, attach to an antenna, and you have a low- 
powered transmitter. 

80 meters X 89.4 inches = 8152.0 inches 


= 262.75 feet - the length of a full-wave 
antenna 

— ^ — = 131.38 feet the length of a half-wave 
antenna 


Connect a telegraph key in the B-minus lead (see Fig. 458). 
Connect a 0 to 100 direct-current milliammeter in the B-plus wire. 
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Step 2. Plug in an 80-nieler crystal. Its frequency may be 
between 3500 kilocycles and 4000 kilocycles. 

Step 3. Couple the feeder wire from the antenna to the tank 
coil. Attach a 0.01-microfarad 000-volt mica condenser in the 



feeder wire to avoid shocks, and attach a pilot light for indicating 
the power put into the antenna. 

How to Operate It 

Step 1 . Turn on the power supply. 

Step 2. Disconnect the antenna clip. Press the key and turn 
the tank condenser until the meter dip shows that the set is tuned 
to the crystal frequency. (Reread the section on how to operate 
the crystal oscillator in Part 6 of Chapter 20.) 
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Step 3. Attach the antenna clip ahout 3 of the way up the coil. 
Again tune for meter dip. Since more plate current is flowing, 
the lowest point of the dip will be higher than before because of 
the power drawn by the antenna. The farther toward the plate 
end of the coil you set the clip, the greater will be the output of 
the set. You will find a spot on the coil by trial where you will 
get the greatest output for the antenna you are using. 

You can touch the base of a neon tube to the antenna at X. It 
will glow if radio-frequency surges are present in the antenna. 
The brightness of its glow is also a rough indication of the output 
of the set. 

You can also tell by the brightness of the dial light how much 
power is being put into the antenna. 

Range of the Transmitter 

Most amateur operators soon ask how far their sets will send. 
This is a hard question to answer. On a clear, cold night when 
no one else is on the air, this little set will send out a signal that 
can be heard thousands of miles away. But on an evening when 
the air is crowded by a host of other signals, your signal may not 
be heard across town. 

The power output of your set depends on how well you have it 
tuned and how well you have set up your antenna. A well-placed 
antenna, well insulated and properly adjusted, will put out a good 
signal. Many experienced amateurs claim that there are two ways 
to work DX (distant stations). One is to have a “rock crusher” 
(a powerful set with a strong signal); the othejp* to have a lower 
powered, highly efficient set that is effectively operated. 

Questions 

1. Why is the crystal oscillator preferred to the Hartley or tuned -plate tuned- 
grid circuits? 

2. What is the danger of using too high a plate voltage on your transmitter? 

3. How can you tell when the set is tuned to the frecpiency of the crystal ? 

PART 3: THE OSCILLATOR -AMPLIFIER TRANSMITTER 

This set is sometimes called the master-oscillator power amplifier . 
The amplifier acts as a buffer between the antenna and the oscil- 
lator, and there is less likelihood of frequency shifting than if you 
use a single oscillator. This circuit has the advantage of putting a 
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stronger and more si able signal on the air than will the single- 
oscillator stage. 

How to Hook Up the Transmitter 

Step 1 . Hook up the crystal oscillator to the 807 power ampli- 
fier (see Figs. 459 and 400). Couple the two eircuits by means of 
a condenser, as shown in these diagrams. 



Fig. 459. A more powerful transmitter. Add an 807 power amplifier and your 
signal will be much more powerful than when only an oscillator is used. 

Step 2. Attach the power supply. Connect about 250 volts on 
the oscillator and 400 volts on the plate of the 807. Either attach 
a direct-current milliammeter in each plate lead or place a closed- 
circuit jack in each B-plus lead, so that one meter can be used for 
tuning each stage. 

Step 3 . Couple the antenna to the tank coil of the 807 amplifier. 
See Part 5 of this chapter. 

Step 4. Attach the key in the B-minus lead. This circuit shows 
that the key is placed in the B-minus lead so that the key will con- 
trol the plate voltage to both the oscillator and the amplifier. This 
keys both oscillator and amplifier together. This must be done so 



Antenna - 



Fig. 460. The schematic circuit for the 6L6-807 transmitter. 
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that both circuits have no B voltage when the key is up. If the 
oscillator alone is keyed, the bias on the amplifier is reduced and 
the amplifier tube overheats. 

How to Operate It 

Step 1. Hold down the key. Tune the oscillator for dip. 

Step 2 . Tune the amplifier for meter dip. The grid excitation 
for the 807 should not be over 5 milliamperes. 

Step 3 . Couple the antenna to the amplifier tank coil. The 
coupling between these coils should be loose. If the coupling is 
too tight, you are apt to send out two or more signals, one on the 
frequency of your crystal and the other at some other frequency. 
Looser coupling concentrates the available power on one frequency. 

Step \ [. Tune the antenna to the point at which the dial light in 
the feeder glows most brightly. Following this process, recheck 
the tuning of the oscillator and the amplifier. This process is more 
fully explained in Chapter 23, “ Antennas/' 

Loosen the coupling between the antenna if harmonics are 
reported. 

PART 4: OTHER TRANSMITTER -CIRCUIT COMBINATIONS 
A more powerful transmitter can be arranged by connecting the 
()L6 oscillator to the 807 push-pull amplifier (see Fig. 461). This is 
an excellent circuit which will only be mentioned here as a possi- 



Fio. 461. This block diagram shows another possible arrangement of the trans- 
mitter units you have studied. The details of this circuit arc omitted because 
higher voltages arc required than are provided for in this text. 

bility with the equipment you have studied. For best efficiency, 
this circuit operates on higher voltages than are practical for a 
beginner to use, and so no detailed description will be given here. 
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Note that link coupling is needed between the plate tank coil 
of the oscillator and the grid coil of the 807 amplifier (see Fig. 4(>1 ). 
Another circuit combination which can be used when you wish to 



Power Supply Power Supply 

Fig. 462. This is another possible arrangement of the transmitter units for 
higher frequency operation. 

operate on the higher frequencies is the (>L(> oscillator, the 807 
doubler, and the 807 push-pull final amplifier (see Fig. 404). 

PART 6: THE ANTENNA COUPLING 

While the end-fed single-wire antenna described in connection 
with the crystal oscillator is simple and easy to get into operation. 


To Antenna 



Fig. 463. Here are two ways to couple to antenna and to the transmitter. 

it lacks the efficiency of other types of antennas. The part of the 
antenna which is used for the feeder is brought into the operating 
room. Radio waves radiated from this part of the antenna lose 
power to the nearby building. 
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A better type of antenna is the zcppelin, which has a two-wire 
feeder. Since little or no energy is radiated from the feeders, they 
may be brought into the operating room without the loss of radi- 
ated power that occurs when the single-wire end-fed antenna is 
used. This antenna is described in Chapter 23, “Antennas.” 

The antenna may be coupled to the transmitter by a coil of four 
turns, as shown in Fig. 463. This coil may be wound on the 
ground, or B-minus, end of the plate coil form, or it may be wound 
as shown at B and arranged for variable coupling to the plate 
tank coil. 

The method of operating the coupling unit and of tuning the 
antenna feeders is explained in Chapter 23, “Antennas.” 

PART 6: REVISITING A BROADCASTING STATION 

Now that you have studied and have operated both oscillators 
and amplifiers and have also learned something about the problems 
of putting a transmitter on the air, you will enjoy again visiting a 
broadcast-transmitter station as you did, in spirit at least, in Chap- 
ter 1. Now when you visit the room housing the motor generators 
and transformers which supply the station with the different volt- 
ages, some for filament heating and other high voltages for differ- 
ent plate circuits, you can discuss the equipment with the engineer 
who guides you on your visit. 

While you may be lost in the maze of wiring when he shows you 
the station-circuit blueprint, you will recognize the different parts 
of the transmitter. You will also recognize the crystal oscillator 
and the crystal oven that holds this station on frequency. 

Y"ou will be surprised at the huge transmitter tubes, but you will 
soon realize that they are nearly all filament-type triodes. 

When you revisit the broadcasting studio, you will enjoy check- 
ing on the types of microphones and other equipment. You can 
now visit intelligently. The types of acoustic treatment in the 
studio, the control-room faders, the panels of beautifully designed 
and built amplifiers, these things now make sense to you, and 
when you bid your hosts farewell, you leave feeling that you have 
passed a milestone in your progress in radio. 

Questions 

1. Describe the process of timing the transmitter. 

2. Describe the process of coupling the antenna to the transmitter. 
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When you read the first chapter of this book you read about a 
visit to a commercial radio broadcasting station. There you saw 
the panels, the power supply, and the control boards of a powerful 
radio-telephone transmitter used to broadcast music and programs 
Behind these panels, covered for safety because of the high volt- 
ages used, are essentially the same circuits that you will learn 
about in this chapter. You will study only the basic circuits and 
omit many of the refinements found in the circuits of the broadcast 
transmitter, leaving them for more advanced study. 

In this chapter you will learn about the following things: 

Part 1: The Units of a Radio-telephone Transmitter 
Part 2: The Two-tube Radio-telephone Set 
Part 3: The Principles of Modulation 
Part 4: Other Modulator Circuits 

Part 5: A Practical Low-power Radio-telephone Transmitter 

PART 1: THE UNITS OF A RADIO -TELEPHONE TRANSMITTER 

You have studied all of the units used in the transmitter circuit 
except the modulator, which is new. What are these units ? They 
are the oscillator and one or more radio-frequency power ampli- 
fiers, a microphone, a speech amplifier, and a modulator circuit. 
You have also studied the partL of the speech circuit, in Chapter 19, 
“Public-address Units.” By properly joining a radio-frequency 
oscillator, an amplifier, a public-address amplifier, and a modu- 
lator, you have the basic essentials of a radio-telephone transmitter. 
Properly coupled to an antenna, this set will transmit. 

Remember fhaf coupling, or connecting , any radio-telegraph or 
radio-telephone transmitter to an antenna is illegal unless yon have 
the proper Federal operator’s and station licenses . 

545 



546 


UNDERSTANDING RADIO 


You learned in the first chapter of this book that sound waves 
travel relatively short distances. They quickly die out. You 
also learned that radio waves can be sent through space over long 
distances. By properly arranging the circuits, you can cause the 
radio waves to carry voice, music, or other sounds. 


American Telephone and Telegraph Company 

Radio-Telephone Transmitters 

Occupant of a vehicle equipped with a mobile radio telephone may place and 
receive calls to and from any regular telephone. 

Here is a block diagram showing the basic circuits of a simple 
two-tube radio-telephone transmitter (see Fig. 464). Note that 
this circuit consists of an oscillator which sets up radio-frequency 
oscillations and a microphone, connected to the modulator, which 
is arranged so that currents set up by sound waves can affect the 
power delivered to the oscillator from the power supply. This 
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new circuit which enables you to send your voice over the air, 
riding on the radio wave, is called a modulator. 

If you want a more powerful radio-telephone set, you can add 
amplifiers, as shown in the diagram of Fig. 465. Note in this 
diagram that you place a buffer amplifier between the oscillator 
and the modulator tube. This 
is done to prevent the modu- 
lator from affecting the fre- 
quency of the oscillator. 

Now study in detail some of 
the circuits mentioned above. 

PART 2: THE TWO-TUBE RADIO- 
TELEPHONE SET 

How to Build and Wire the Set 

The Oscillator. Use the crys- 
tal oscillator that you built in 
Chapter 19 for this radio-tele- 
phone transmitter. 

The Modulator Board. 

Mount the parts for the modu- 
lator on a small-sized base- 
board, as shown in Fig. 466. 

Wire the Modulator Circuit. 

This is the Heising modulator 
circuit (see Fig. 467). All the 
wiring of this circuit handles audio frequency. No special care is 
necessary in placing the wiring, since little feedback occurs at audio 
frequencies at such low voltage. 

The Microphone Transformer. Use a special microphone-to-grid 
transformer, or get an audio transformer with a burned-out pri- 
mary winding. Remove the burned-out winding, and wind a new 
primary of 15 to 20 turns next to the core. Then slip the second- 
ary over the new primary. Use wood or cardboard end washers to 
hold the windings in place. Do not use varnish, because later you 
may want to try changing the number of turns on the primary 
winding. 

Hook up the Batteries. Put a 6C5 tube in each socket (see Fig. 
467). Connect the 6. 3- volt posts in the power-supply unit to the 


w 


Crystal Oscillator 


B t 


L 


Mocfu/ator 


Microphone 


/ 


B+ 


Z 


7 


Power Supp/y 

Fig. 404. Connect these circuit units 
and you have a simple radio-telephone 
transmitter. 
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Fig. 4(55. Here is a good low-powered radio-telephone transmitter. 



Fig. 40(5. The layout of parts for the Heising modulator. 


heater leads on both the modulator and oscillator boards. Con- 
nect 135 volts to the B-positive binding posts on the modulator 
board. Connect a 4.5-volt C battery to the C binding posts. 
Connect 4.5 volts direct current to the microphone-battery bind- 
ing posts. 
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How to Operate It 

Step 1. Turn on the power to heat the oscillator- and modulator- 
tube heaters. 

Step 2. When the heaters are hot, turn on the B power. Couple 
the dummy antenna to the oscillator coil. 

Step 3. Place a broadcast-receiving set in the same room to test 
the operation of your phone set. 

Step Jf. Tune the oscillator. 

Caution. Use not over 180 volts on the plate of your oscillator 
to minimize interference with nearby broadcast receivers. 


HARTLEY OSCILLATOR HE/SING MODULATOR 



the oscillator. 

Fig. 467 . The circuit diagram of the Heising modulator connected to the 
Hartley oscillator to make a demonstration radio-telephone transmitter circuit. 

Step 5. Tune the broadcast receiver until you hear a thump 
or hiss. The volume control must be set high. Retune the oscil- 
lator if the sound cannot be heard in the broadcast receiver. 

Step 6. Hold down the push button in the microphone circuit. 
Speak into the microphone. This is a “push-to-talk” connection. 
Hold the microphone at the side of the mouth so that you talk 
past it. 

Test the effect on the quality of the sound the set transmits of 
speaking loudly, then softly. Test the modulation by shaking in 
a high-pitched voice, then in a deep voice. Make the same test 
by whistling. 

This microphone and modulator circuit arc not highly efficient, 
and you will find that the voice heard in the broadcast receiver is 
not like the natural voice, nor is it heard as well as it is over the 
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telephone. The movement of the plate-meter hand shows the 
modulation of the set as you speak into the microphone. 

Power Control. The power output of the Hartley oscillator can 
be increased or decreased both by changing the B voltage and by 
changing the voltage on the grid of the tube (the grid excitation). 
Adjust the grid excitation on the Hartley oscillator by moving the 
tap in the tank coil. Move the tap toward the plate end of the 
coil to increase the power output. 

Why It Works 

The Oscillator Board. The explanation of how the oscillator 
board operates was given in Chapter 20. 

The purpose of the oscillator in this circuit is to generate a 
strong, steady radio-frequency oscillating current. This current, 
properly fed to the antenna, sends out the carrier wave. The fre- 
quency of the carrier wave is the frequency to which your receiving 
set must be tuned in order to pick up the carrier wave. 

Purpose of the Microphone. Sound waves that strike the micro- 
phone diaphragm cause it to vibrate back and forth, as explained in 
Chapter 19, “Public-address Units.” The vibrations produce 
pulsating direct currents, called speech currents , in the microphone 
circuit. 

These pulsating speech currents correspond to the variations in 
strength of the sound waves. 

Examine the Modulator Circuit . The speech current flows 
through the primary of the microphone transformer, which pro- 
duces an alternating voltage in the secondary circuit. This volt- 
age in the secondary circuit makes the modulator-tube grid alter- 
nately more and less negative. The C battery keeps a negative 
bias on the grid to prevent the distortion of the audio-frequency 
voice current which would occur if the grid became positive enough 
to draw current from the filament. 

How the Modulator Circuit Operates. When the modulator grid 
is less negative, a swarm of electrons are pulled from the filament 
to the plate. These electrons rush to the 30-henry choke on their 
way to the B battery. But the inductance of the choke slows up 
the rush of electrons toward the B battery and forces the electrons 
to flow into other parts of the circuit. Some electrons flow to the 
plate of the oscillator tube. The effect is the same as if the oscil- 
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lator plate voltage were cut down. This cuts down the flow of 
electrons through the oscillator tube and weakens the carrier wave 
generated by this tube. 

When the grid of the modulator tube becomes more negative, 
however, few electrons reach the plate, and the current is weakened. 
The effect on the 30-lienry choke is much the same as if the circuit 
had been broken. When the current flowing through the choke 
coil is suddenly stopped, the collapsing field of the coil induces a 
voltage which tends to keep the current flowing. It now can only 
get electrons from the plate of the oscillator tube, and so it adds 
its pull to the pull of the B battery. This has the effect of increas- 
ing the B voltage on the plate of the oscillator tube, and now the 
carrier wave is much stronger. 

The inductive effect from the 30-henry choke can double the 
plate voltage at one instant and at the next reduce it to zero. 
This is explained later. 

This is the process by which sound waves, striking the micro- 
phone, strengthen and weaken the high-frequency carrier wave. 
This increase and decrease of the strength, or amplitude, of the 
carrier is called modvlation. 

The radio-frequency choke is put into the circuit to confine the 
radio-frequency surges to the oscillator circuit. No power will be 
lost now from this circuit, and it will send out a stronger carrier 
wave. 

Questions 

1. Does the oscillator in phone sets do the same work that it does in code 
transmitters ? 

2. Describe the action of a sound wave as it travels through the air. 

3. Show how the choke coil causes electrons from the modulator tube to pile 
up on the plate circuit of the oscillator tube. 

4 . When the grid of the modulator tube is negative, show how the choke coil 
increases the voltage on the plate of the oscillator tube. 

5. What is the meaning of the word modulation? 

6. What is the purpose of the radio-frequency choke next to the oscillator 
plate ? 

PART 3: THE PRINCIPLES OF MODULATION 

The strong, steady radio-frequency carrier wave set up by the 
oscillator is shown in Fig. 468. This wave can be made to travel 
for thousands of miles. The speech currents control, or modulate, 
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the strength of the carrier wave. When the speech currents are 
strong, they make the radio-frequency carrier wave strong, and 
when the speech currents arc weak, they weaken it (see Fig. 469). 

What is complete modulation? Complete modulation occurs 
when the strong speech currents double the amplitude of the radio- 
frequency carrier and the weak speech currents entirely cut off the 



Fig. 469. This carrier wave is 100 per cent modulated. 



Fig. 470. This carrier wave is undermodulated. 


carrier wave (see Fig. 469). This is called 100 per cent modulation . 
Such a signal produces the greatest possible effect at the receiver. 

What is undermodulation? When the modulation is not com- 
plete, that is, when the strong parts of the speech waves do not 
double the carrier current and when the weak parts do not com- 
pletely cut off the carrier current, you have undermodulation (see 
Fig. 470). An undermodulated wave may produce a signal of good 
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tone quality at the receiver, but it will not produce as loud a signal 
as a 100 per cent modulated wave. 

What is overmodulation? When the voice currents are so strong 
that they more than double the strength of the carrier wave and 
when the weak parts of the wave shut off the carrier wave for 
several cycles, you have overmodulation (see Pig. 471). An over- 
modulated wave may produce a louder signal than a 100 per cent 
modulated signal, but the tone quality will be poorer. 

Overmodulation also produces harmonics which distort the music 
and produce interfering frequencies. It causes broadening of the 



carrier wave and resulting interference with other stations. Hiss 
heard at the receiver is an indication of overmodulation. 

What are side bands? The voice and music frequencies of the 
sound waves are combined with the carrier wave during modulation 
to form a wave that covers a narrow band of frequencies equal to 
the carrier plus the sound frequencies and the carrier minus sound 
frequencies. These frequencies added to and subtracted from the 
carrier wave are called side-band frequencies. The modulated car- 
rier wave must be broad enough to include the frequencies above 
and below the carrier if clear, accurate music is to be produced by 
the receiver. Without side bands at least 5000 cycles wide, the 
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fidelity of music is poor, because the high frequencies of the music 
are cut off. 

Questions 

1. What is meant by 100 per cent modulation? 

2. Is the voice distorted in a set which has 100 per cent modulation? 

3. Can you broadcast over satisfactory distances with a set which is modu- 
lating 100 per cent? 

4. What is undermodulation? 

5. Can you send as great distances when the set is undermodulating as when 
it is modulating 100 per cent? 

6. Is there distortion in undermodulation ? 

7. What is overmod illation? 

8. Can you send as great distances when the set is over modulating? 

9. Is the voice distorted when it is modulated over 100 per cent? 

PART 4: OTHER MODULATOR CIRCUITS 


Use a modulation transformer. While the choke is a simple 
and effective method of modulating an oscillator, more efficient 



methods can be used. One such method uses a modulation trans- 
former in place of the cheaper choke coil. 

When to Use This Circuit . A modulation transformer is used in 
this circuit to match the plate impedance of the tubes used (see 
Fig. 472). The alternating-current resistance of the primary is 
selected to be the same as the plate resistance of the modulator 
tube. The alternating-current resistance of the secondary must 
be the same as the oscillator plate resistance. 

This transformer is more expensive than a choke but produces 
better modulation. 
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How to Change the Circuit Wiring . Connect a 3:1 modulation 
transformer in place of the 30-henry choke on the modulator 
board (see Fig. 472). Other transformer ratios depend on tubes 
used. Connect one end of the primary to the modulator plate. 
Connect the other ends of the windings together. 

Why It Works . If neither the choke nor the transformer were 
in this circuit, the B battery would exert the same pull upon the 
electrons on both the oscillator and the modulator plates. But 
the purpose of the modulator tube is to control the pull upon the 
electrons on the oscillator plate, modulating or controlling their 
flow to fit the variations of the voice current. The circuit must 
be arranged so that the changes in modulator pull can force the 
plate current to change. This can be done if the modulator 
voltage gains control in some way over the plate voltage. 

When the 30-henry choke was used, its inductive effect, caused 
by the modulator plate voltage, gave it the desired control over 
the oscillator plate voltage. 

In this circuit the step-up ratio of the modulation transformer 
gives the voltage on the modulator plate the control of the oscil- 
lator plate voltage needed to produce excellent modulation. 

When the modulator grid is positive, a large number of elec- 
trons is pulled to the plate. On their way to the B battery, the 
electrons rush through the transformer primary. These electrons 
flowing through the primary induce a voltage in the secondary but 
in the opposite direction, toward the oscillator plate. 

The secondary voltage is three times stronger than the voltage 
in the primary. But now the secondary drives electrons toward 
the oscillator plate, opposing the pull of the B battery. At this 
instant the B-battery pull is weakened by the interference from 
the modulator voltage that operates through the 3 : 1 transformer. 
The weaker plate voltage reduces the strength of the carrier wave. 

When the grid of the modulator tube is negative, the flow of 
electrons through the tube is cut down and the plate current is 
weaker. Less voltage is induced in the secondary, and so the 
carrier wave is stronger. 

A sudden drop in the current flowing in the transformer primary 
will induce a voltage in the secondary that is in the opposite direc- 
tion to the voltage when the grid was positive. The secondary 
now tries to pull electrons off the plate of the oscillator. This 



556 


UNDERSTANDING RADIO 


makes the plate current stronger, which will increase the amplitude 
of the carrier at this instant. 

The radio-frequency choke keeps the radio-frequency surges 
in the oscillator circuit out of the modulator circuit. Radio- 
frequency surges in the modulator circuit cause tubes and other 
apparatus to burn out, besides causing distortion in the speech 
currents. 

Questions 

1. Explain the action of the modulation transformer. 

2. What is the direction of the voltage in the secondary of the modulation 
transformer when the current through the primary coil is flowing down? 

3. Compare the action of the modulation transformer with that of the choke 
coil. 

When is grid modulation used? Grid modulation is used in the 
final amplifier stages (see Fig. 473). It is an inexpensive method 
of modulation used on high-power sets. Grid modulation is less 
efficient than is plate modulation. 

New Coupling Method. By connecting the output of the modu- 
lator plate circuit to the grid circuit of the amplifier through a 
transformer, you can control the excitation of the last stage by 
controlling the flow of electrons on the grid of the tube. 

Plate modulation is more popular for small tubes, while grit! 
modulation is used almost exclusively for large tubes and in the 
higher powered sets. 

The Modulator and the Oscillator. This is the same modulator 
hookup (Heising) that was used in earlier experiments. The final 
amplifier stage is the same as the one described in Chapter 20, 
“Power Oscillators and Amplifier Circuits.” The method of cou- 
pling the modulator to the final stage is new. 

How to Wire the Set. Connect the primary of an audio trans- 
former in the plate circuit of the modulator tube. Connect the 
secondary in the grid circuit of the final amplifier tube. The 
secondary winding must be able to carry the grid current of the 
amplifier stage. Shunt the secondary by a 0.00025-microfarad 
radio-frequency by-pass condenser. If the primary has too high 
resistance, it will change the grid bias (see Fig. 473). 

Several stages of amplification may be added to increase the 
amplitude of the modulated carrier current before coupling the 
output of the last stage to the antenna. The C bias is furnished 
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Fig. 473. Grid modulation of a final power amplifier. 

by a C battery or by a small power supply. A bias resistor can- 
not be used here. 

Why It Works. When many electrons flow in the modulator 
circuit, a strong current flows through the coupling-transformer 
primary. This current induces a voltage in the opposite direc- 
tion through the secondary of the transformer. 

The secondary voltage draws electrons from the amplifier-tube 
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grid and makes it more positive. When the less negative grid 
attracts electrons from the filament, it adds to the flow of current 
through the amplifier tube and strengthens the plate current at 
this instant. More carrier current now flows in the antenna. 

When the modulator current is weak, few electrons flow, the 
current through the transformer primary is weakened, and the 
current induced in the transformer secondary flows in the opposite 
direction. This forces more electrons on the oscillator grid, and it 
becomes more negative. The negative grid cuts down the flow of 
electrons through the amplifier tube, and the plate current is 
weakened. This weakens the carrier current in the antenna. 

Now trace the modulation process through this hookup. A 
strong voltage is applied to the circuit from the amplifiers at the 
left. The amplitude, or strength, of the input voltage is steady. 
But when you talk into the microphone, this changes the modulator 
plate current, which interferes with the electron flow in the grid 
circuit of the amplifier. This modulates, or changes, the strength 
or amplitude of the plate current, to fit the amplitude and wave 
form of the voice wave. Likewise, the plate current charges cause 
similar changes in the antenna current and in the radiated carrier 
wave. 

Questions 

1. Does the grid beeome more or less negative when a strong current flows 
through the primary of the audio transformer? 

2. When the current increases in strength in the primary of the audio trans- 
former, does this increase or decrease the strength of the carrier wave which is 
broadcast ? 

PART 5: A PRACTICAL LOW-POWER RADIO -TELEPHONE TRANSMITTER 

You have covered enough of the basic principles of modulation 
methods to be able to put together a practical radiophone trans- 
mitter that will deliver from 15 to 20 watts of power to the antenna. 

This set is made up of an oscillator and a power amplifier that 
you have already studied in connection with the radio-frequency 
power source. It also includes one of the public-address amplifiers 
which you studied in an earlier chapter. 

These units are made into a radiophone set by the addition of a 
modulation transformer attached as explained here. This is an 
excellent set for amateur use. 



RADIO- TELEPHONE TRANSMITTERS 


559 


Caution . While in operation this set must be under the control 
of a person who holds the amateur operator’s license , and the station 
must hold a license issued by the Federal Communications Com- 
mission . Severe penalties are imposed for violations of the Federal 
laws governing amateur operators . 



Fig. 474. This is a practical low-powered radio-telephone transmitter made by 
connecting parts you have used in studying transmitters. 

How to Build and Wire the Set 

The Circuit . The block diagram, Fig. 474, shows the different 
circuit units and how they are joined. Also examine the schematic 
circuit, Fig. 475. Note that separate power supplies are used for 
the public-address amplifier and for the transmitter. 

Minor changes must be made in the tuning circuits of the crystal 
oscillator and of the radio-frequency power amplifier to make them 
usable for operation on amateur frequencies. The only change in 
the public-address amplifier is the substitution of a new output 
transformer. 

The Crystal Oscillator. Use the crystal oscillator described in 
Chapter 20, “Power Oscillators and Amplifier Circuits.” 
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The Power Amplifier. Note that the transmitting type of power 
tube, the 807, is shown here. It provides good power output. 
This is a better tube than the receiving type of tube. 

The Coil and Condenser. Use the same size of coil and condenser 
on the power-amplifier board that you use on the crystal oscillator. 
Wind a three-turn coil on the plate end of this coil to use for 
coupling to the antenna. 



Fig. 475. The schematic diagram of the low-power radio-telephone transmitter. 
The two power supplies have been omitted for simplicity. 

Changes in the Pvblic-address Set. The only change in this set is 
to replace the output transformer with a modulation transformer. 
Select this transformer to fit the output tubes in the public-address 
amplifier and the final power amplifier in the radio-frequency part 
of the set. 

Power-supply Requirements. Use a power supply for the public- 
address unit which will deliver 250 volts at 150 milliamperes. 

The transmitter portion will need a separate power supply with 
250 volts for the crystal oscillator and 400 volts for the 807 final 
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power amplifier. The crystal oscillator will draw about 20 milli- 
amperes when loaded, and the 807 will draw about 90 milliamperes 
at 400 volts on the plate and 225 volts on the screen. Use the 
5Z3 type rectifier tube in the transmitter power supply. 

How to Hook Up the Set 

Step 1 . Hook up the crystal oscillator to the 807 power 
amplifier. 

Step 2. Attach the transmitter power supply. First test the 
filament wiring. Then shut off the power supply, and attach the 
B-positive wires. Attach the B-positive wire from the crystal 
oscillator to the 250- volt tap on the power supply. Attach the 
screen of the 807 tube to the 250-volt tap. Attach the plate of 
the 807 to the 400- volt tap. Note that the B-plus wire from the 
807 runs to the output of one end of the modulation transformer. 
The other end runs to the 400-volt B-plus tap on the transmitter 
power supply. 

Step 3 . Attach the antenna to the coupling coil on the final- 
amplifier tank coil. 

Step 4. Hook the units of the public-address amplifier together. 

Step 5. Plug in the microphone, and the set is ready to operate. 

How to Operate the Set 

Cavtion . This set may be operated on the air only by a licensed 
amateur operator . Operation by any other person , except as spe- 
cifically directed in the Federal regulations , is illegal . 

Step 1 . Turn on the transmitter power supply. Adjust the 
oscillator and amplifier so that both are in oscillation. Watch 
the plate meters for excessive current. 

Step 2. Tune the crystal oscillator and the amplifier to the fre- 
quency on which they are to operate. Keep well within the fre- 
quency band. Do not tune near the edge of this band. 

Step 3 . Turn on the public-address power supply. Turn down 
the volume control. Advance the volume control, and speak into 
the microphone. 

Questions 

1. What changes must be made in the set in order to have it operate on amateur 
frequencies? 

2. In Step 2 of “How to Operate the Set” the statement was made: “Ho not 
tune near the edge of the band.” Why was this statement made? 
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The antenna has two important jobs to perform in radio trans- 
mitting and receiving circuits. The transmitting antenna absorbs 
energy from the oscillating circuit of the transmitter. It then 
transforms this energy into the effect that we have called the radio 
wave, which travels through space from the transmitter. Energy 
from the passing radio waves sets up weak radio-frequency cur- 
rents in the wire of the receiving antenna. These currents flow 
through the lead-in wire to the receiving set and produce sound. 

Types of antennas. Many different kinds of antennas have 
been designed and used, both for receiving and for transmitting. 
You will study in this chapter only those types of antennas which 
are now in general use. You will avoid special types. Essentially, 
all these antennas are either of the type discovered and used by 
Hertz in his experiments during the 1870’s, or a modification known 
as the Marconi antenna . The various constructions of antennas 
and the methods used in suspending them look different, but in 
principle they are all the same. The difference often lies in the 
method by which energy is made to flow between the set and the 
antenna. In this chapter are described some of the different con- 
structions as well as different methods by which the antenna is fed. 

Hertz and Marconi antennas. The Hertz antenna is essen- 
tially a straight wire, insulated at each end, with a lead-in, or 
feeder, wire attached to some definite position along its length. 
This antenna, in its fundamental form, is made approximately 
half a wavelength long. Thus a simple half-wave Hertz antenna 
to be used by a broadcast-transmitting station operating on a fre- 
quency of 1000 kilocycles (a wavelength of 300 meters) would be 
150 meters long. Since 1 meter is equal to about 3-^ feet, this 
antenna would be approximately 490 feet long. So long an 
antenna is impractical to build, and so a different arrangement, 
the Marconi antenna, is usually used. 
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A Marconi antenna is connected to earth through the set. The 
ground acts as half the antenna, so that the antenna needs to be 
only one-quarter wavelength long. Thus a 1000-kilocycle broad- 
cast-transmitter antenna will be only approximately 245 feet long. 
Most modern stations use the tower itself as a Marconi antenna. 

Antennas used by radio amateurs on the higher frequencies are 
generally of the Hertz half-wave type. This antenna can be used 
because at these higher frequencies, a half-wave antenna is much 
shorter than a broadcast-frequency antenna. 

Operation on harmonics. The Marconi antenna and the end- 
fed Hertz or zeppelin antenna operate well on several frequencies. 
Thus one antenna, built for a low frequency, is often used. Such 
an antenna may be operated on higher frequencies which are 
harmonies of the low frequencies. 

For the advanced experimenter, the efficiency gained by using 
separate antennas often more than offsets the inconvenience of 
building them and making the necessary switching arrangements. 

In this chapter you will learn about the following things: 

Part 1: General Construction Information for Your Antenna 

Part 2: The Fundamental Operating Theory of Half-wave Antennas 

Part 3: The Hertz Center-fed Antenna 

Part 4: The Doublet Antenna 

Part 5* The End-fed Zeppelin Half-wave Antenna 

Part 6: The Simplest Antenna — The End-fed Hertz 

Part 7: The Marconi Antenna 

Part 8: The Coaxial Cable 

PART 1: GENERAL CONSTRUCTION INFORMATION FOR YOUR ANTENNA 

Receiving antennas. Make your receiving antennas of No. 14 
enameled copper wire. Hard-drawn copper wire is better for long 
antennas than ordinary soft-drawn wire, which will stretch enough 
in heavy wind or under ice loads to change the tuning of the 
antenna and affect its operation. Bare copper wire, when new, 
is efficient, but it will corrode rapidly when exposed to the air. 
Enameled wire resists corrosion, and it will remain in good con- 
dition for an indefinite length of time. 

Receiving antennas need insulators at the ends of the wire and 
wherever the leadin is fastened to a support. Use an insulator 
between the wire and the rope at the ends of the antenna. In 
general, the insulator should provide a long leakage path between 
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the wire and the support. A short corrugated insulator has as 
long a leakage path as a longer insulator that has no corrugations. 
Glazed insulators are best. Glass insulators are satisfactory for 
receiving antennas. 

Frequency and wavelength. When you tune your home radio, 
you select a station by setting the dial to the frequency assigned it 
by the Federal Communications C ommission. The Federal Com- 
munications Commission assigns the station frequencies instead of 
assigning the wavelengths on which they are to operate. It is 
easier to measure frequency than wavelength. You will remem- 
ber from Chapter 1 that frequency and wavelength are two differ- 
ent ways of expressing the same thing. The frequency marking is 
easier to read and to understand. 

Convert wavelengths into frequency by this formula 


™ , 300,000 

Wavelength m meters = * -. . . 

° frequency in kilocycl 


es 


300,000 

/ 


You can also find the frequency from the wavelength by using 
this formula: 

300,000 
X 


300,000 

rtqueney wavelength in meters 


The letter /means frequency, and the Greek letter X (lambda) 
means wavelength. 

Transmitting antennas. The same antenna can be used for both 
receiving and transmitting by means of a double-pole double-throw 
(dpdt) switch. Antennas for low-power transmitters can also 
be made of No. 14 enameled copper wire. Long antennas and 
those which have heavy insulation at the center should be made of 
No. 10 or 12 wire. Insulation should be much better than for 
receiving antennas, since much higher voltages are used. You 
can obtain special strain insulators for transmitting antennas. 

Height of antenna. The antenna should be as high as possible 
above ground for best efficiency. Higher antennas are better radi- 
ators and receptors than lower antennas. The minimum desirable 
height is one-quarter wave. 

Position of the antennas. The antennas should be placed as 
nearly as possible at right angles to power lines or to wiring in the 
building near which it is erected. This prevents a transmitter 
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antenna from inducing unwanted radio-frequency currents in the 
power lines and also prevents a receiving antenna from picking up 
hum from the power lines. The position in which the antenna is 
built has some effect on the direction in which it will receive and 
transmit most efficiently. 

Questions 

1. Which type of antenna will operate satisfactorily on only one frequency ? 

2. What types of insulators should he used ? 

3. What is the minimum distance above the ground that an antenna should 
he placed? 

4. Describe the best position of the antenna with respect to nearby power 
lines. 

PART 2: THE FUNDAMENTAL OPERATING THEORY 
OF HALF-WAVE ANTENNAS 

What is a half-wave antenna? The half-wave, or Hertz, 
antenna is a basic type of antenna. Most of the common high- 
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A horizontal antenna 

Fig. 476. The half-wave Hertz antenna may be placed either in a vertical or in a 
horizontal position. The operating principles are the same in either case. 

frequency antennas are of this type. When you understand how 
it operates, you can easily see how the other common kind of 
antenna, the Marconi, works. The half-wave antenna gets its 
name from the fact that it is half a wavelength long. It may be 
either a horizontal or a vertical length of wire, as shown in Fig. 476. 
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There are several types of feeders. The set can be connected 
to a half-wave antenna in many different ways. The wire or wires 
used for this purpose arc called feeders, or transmission lines. The 
several types of feeders that you will study are described later in 
this chapter. In each of them a different type of feeder or trans- 
mission line connects the set to the antenna. When the feeder is 
properly constructed, its only purpose is to carry the radio energy 
between the antenna and the set. Since the feeder does not act 
as an antenna, you can study the antenna by assuming that the 
set is located at the antenna. 
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Fig. 477. How electron surges travel through a half-wave receiving antenna. 
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Electron surges in a receiving antenna. Figure 477 shows a 
half-wave antenna with a receiver connected to it. The coil in 
the antenna is supposed to be so small that it does not affect the 
operation of the antenna. 

When a radio wave strikes the antenna wire, it starts a surge of 
electrons which flow from A, through the wire, to the other end 
at B. The electron surge then reflects, or rebounds, from the B 
end and surges back to the other end of the antenna at A . When 
the electron surge arrives at A, it again rebounds and surges back 
through the antenna. At the instant of rebound, the next radio 
wave arrives and starts another surge which gives the first surge a 
boost. 

Some of the power of the first electron surge is lost in forcing its 
way through the resistance of the antenna wire. Some of it is 
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absorbed by the set. This second surge replaces the energy lost 
by the first surge and builds the first surge up to its former strength. 
A steady surging, or oscillation, of electrons through the antenna 
will continue as long as the incoming radio waves supply energy. 

How electrons are distributed in each surge. The arrows used 
in this discussion show the directions in which an electron surge 
travels through the wire. In Chapter 3 an electron surge was 
described as a progressive setting in motion of free tlectrons along 
the wire. 

In the antenna the radio-frequency surges occur very rapidly, 
many thousands of times a second, depending on the frequency 
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Flu. 478. How electron surges tra\ el through the half-wave transmitting antenna. 
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for which the half-wave antenna is tuned. If the frequency is the 
080,000 cycles per second that we talked about in Chapter 1, the 
surges change direction 080,000 times in each second. 

At the ends of the antenna, where the electrons in the surge can 
go no farther, they crowd together, and the voltage here is high. 
This is another way of saying that at the ends of the antenna the 
voltage is greatest and that no current is flowing there. In the 
center of the antenna, where the receiver is connected, there is 
much current and little or no voltage. 

The receiving antenna and the transmitting antenna operate in 
the same way. Now suppose we replace the receiving set at R 
with a power oscillator X (see Fig. 478). The oscillator acts 
as an electron-surge pump. When coupled to the antenna, as 
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explained in Chapter 20, this electron pump will set up powerful 
electron surges through the antenna. 

Let us follow a surge through the antenna wire. Electrons surge 
from X to the end of the antenna at A. At once, a tremendous 
crowding of electrons occurs at A; then their energy forces elec- 
trons back through the wire to X . This corresponds to a half cycle 
of the transmitted wave. 

Electrons are now forced to the other end of the antenna at B 
by the oscillator; they rebound and surge back to A" again, thus 
completing the full cycle, or oscillation. 


B (voltage) I ( current ) 



engineer would draw the effect of surges in a half-wave antenna. The distance 
of the curve from the antenna shows the strength of the quantity shown by the 
curve. Here voltage is high at the ends and current is high at the center of the 
half-wave antenna. 

The engineering graph in Fig. 479 shows by means of curved 
lines the relative strengths of both current and voltage along the 
antenna. This is another use of the wave-form pictures you 
studied in an earlier chapter. The energy in these powerful surges 
in the antenna sets up radio waves which travel away through 
space. The energy radiated from the antenna is replaced by the 
surges following. 

What happens when an antenna is too long? Now watch the 
action of electrons in an antenna that is longer than half a wave- 
length for the frequency being transmitted (sec Fig. 480). The 
oscillator starts electrons through the antenna from X. The surge 
reaches A and builds up a pressure. Then it reverses and surges 
back toward X again. But the surge reaches X too late to get the 
full help of the oscillator, which has just forced a surge toward the 
other end at B. The surge will go to B and start back toward X . 
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Just as it reflects back from B (Fig. 481) the second surge collides 
with the first surge. The second surge is stronger than the first 
surge, which has traveled twice the length of the antenna and has 
lost some of its energy. Both the first and second surges lose 
energy in trying to oppose each other, witli the result that the total 
current left is quite weak. The strength of the radiated wave 
will be much weaker than when the antenna had the correct length. 


Length somewhat longer than $ wave 

First surge Second surge 

arrives tote has started 



First surge 
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Fig. 480. This antenna is cut too long for the frequency at which it is to operate. 
The first surge takes too long to travel to .1, rebound, and return to A". The 
second surge has already started so that it receives little help from the first surge. 
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Fig. 481. As the second surge rebounds from 7> it collides with the first surge. 
The result is a reduced total current flow in the antenna. 


Thus you sec why a half-wave antenna works best at the frequency 
for which it was constructed. 

What happens when the antenna length is doubled? Now fol- 
low the electron surges through a longer antenna (shown in Fig. 
482). Suppose that you increase the antenna to double its original 
length, or a full wavelength. The surge starts from X toward the 
end of the antenna marked A . At the same time, a surge is pulled 
from the end B toward the center of the antenna at X . 

The surge toward A reaches the end of the antenna and sets up 
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a crowding of free electrons, as in the half-wave antenna. This 
produces maximum voltage at the ends of the antenna. 

Examine the graphs in Fig. 483, and you can see how the surges 
rebounding from the ends of the antenna meet surges from the 
center of the antenna at the one-quarter wavelength points and 
produce points of maximum current and zero voltage. 

L Full wavelength *-| 


/ 

1 


wave 


2 wave 



-ruw*- 





To the transmitter 


Fig. 482. A full-wave* antenna is form eel by adding a quarter wavelength of wire* 
to each end of the half-wave antenna. 
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Fig. 483. The voltage-eurrent graph for the full-wave antenna shows that the 
highest voltage occurs at the ends and at the center of this antenna. Current 
now is greatest at the quarter-wave points and is zero at the enels and at the cen- 
ter of the antenna. 

PART 3: THE HERTZ CENTER-FED ANTENNA 

The center-fed antenna is a basic half-wave Hertz broken in the 
center by an insulator and connected to your transmitter by a 
pair of feeders (see Fig. 484). 

Since it is inconvenient and inefficient to place your transmitting 
and receiving equipment up in the air at the center of your antenna, 
some sort of feeder is used to run between the equipment in your 
operating room and the antenna. This allows the radiating part 
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of the antenna to be well above the building in which your equip- 
ment is located. Thus radio waves are radiated from the antenna 
more efficiently, and less energy is absorbed by the building. 

How to build the feeders. Place a strain insulator at the center 
of the antenna. You may also use two glass insulators arranged 
so that the ends of the antenna wires are 6 inches apart. 

Make the feeders of No. 14 enameled wire. Cut each feeder to 
one-quarter wavelength or to any odd quarter wavelength. For 
example, this may be (>7 feet for an 80-meter antenna. 


i wc7vp ( I7>4 feet for 80 meters ) 


£ wave (67 feet) 


OHIO- 


Tfr: 


6- inch spreaders — d 
spaced ahou t \ 

IO feet apart 


Coupling coil in 
tri/nsmi tier 

N 


-k-t 


4 \Aave( 67 feet) 


-Insulator 


- Feeders - 67 feet long 
spaced 6 inches apart 


dOO ppf - feeder 
tuning condensers 


Fig. 484. The center-fed half-wave Hertz antenna. The feeders shown here are 
separated a distance of (i inches by spreader insulators. The spreaders are 
spaced about 10 feet apart along the feeders. 


Porcelain or plastic spreaders, spaced about 10 feet apart, are 
attached to the feeder wires. The feeders are pulled tight enough 
so that the spacing between wires remains the same at all times. 

How to couple the feeders to the transmitting and receiving set. 
You can use the same antenna for sending and receiving by using 
the antenna change-over switch to connect the antenna either to 
the transmitter or to the receiver as you operate your station. 
Two wires are connected from the antenna change-over switch 
directly to the antenna and ground posts of the receiver. No 
other connection is needed. 

Some kind of coil is generally arranged to couple the feeders to 
the tank coil of the final amplifier of the transmitter. This coupler 
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was described in Chapter 21, “Radio-telegraph Transmitters.” 
Two wires from the other two taps on the change-over switch are 
attached to the coupling coil. 

How to tune the feeders. A 100-micromicrofarad midget vari- 
able condenser is connected in each feeder wire to adjust the elec- 
trical length of the feeders to the frequency at which the trails- 
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mi t ter is operating. Correct tuning is indicated by the brightness 
of dial lamps placed in each feeder. 

How it works. The operation of the Hertz center-fed antenna is 
the same as that of the full-wave Hertz antenna described in Part 2 
of this chapter. 

Mechanically, the center-fed antenna is simply a full-wave 
antenna with the two central quarter-wave parts formed into the 
two parallel spaced wires of the feeder. 
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The coupling coil is still at the center of the antenna. The 
tuning condensers adjust the electrical length of the antenna to 
tune it to the frequency of the transmitter. 

The electron surges are the same as those described in Part 2. 

Only the top half wave of the antenna radiates radio waves into 
space. The feeders have little or no radiation, because the radi- 
ation set up by a surge in one feeder wire is canceled by the radi- 
ation from a surge in the other feeder. 

PART 4: THE DOUBLET ANTENNA 

The doublet is another form of the basic center-fed half-wave 
Hertz antenna (see Fig. 485). The only difference is in the feeder. 



Fig. 485. The doublet antenna is one-half wavelength long. 

Instead of using parallel spaced wires, the doublet feeder* is a 
twisted pair of weatherproofed wires or a special cable. Note the 
Y connection between the feeders and the center of the antenna. 

This antenna is particularly good for receiving, because it picks 
up less noise than other kinds of antennas. The same antenna 
may be used for low- and medium-power transmitters. 

How to build the antenna. Cut each half of the antenna accu- 
rately to a quarter wavelength for the desired frequency (see Fig. 
485). Place an insulator at each end of the wire and two insu- 
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lators at the center. The two insulators at the center should be 
arranged so that the ends of the antenna wire are spaced 12 inches 
apart. 

How to build the feeder. Use two wires twisted together for 
the feeder or you may use special weatherproof twisted-pair-feeder 
wire. The feeders may be any convenient length. No tuning is 
provided in the feeder wires. 

The efficiency of this type of antenna depends on the type of 
wire used for the feeder. The special feeder wire is more efficient, 
because it is designed for the purpose. 

Spread the ends of the feeder wire, tie and tape them firmly 
at P, and splice them to the antenna at the two center insulators 
at Q and R (see Fig. 485). Make the length from the tie at P to 
the attachment of each wire at Q and R the same as the space 
from Q to R . 

How to couple the antenna to the transmitter. The ends of the 
feeder are attached to a pickup coil wound at the ground, or 
B-minus, end of the tank coil. This coil will have about five turns 
for a low-powered transmitter such as the crystal oscillator or an 
oscillator and an amplifier. For lower power, about three turns 
will do. 

You can adjust the loading of the antenna by means of a pickup 
coil arranged so that it can be moved to vary its coupling with the 
tank coil. 

How it works. The surges through the twisted pair feeders and 
through the radiating part of the doublet antenna follow the action 
of the surges in the center-fed Hertz antenna. 

The twisted pair feeders radiate no energy because of the oppos- 
ing fields set up by the surges in the two wires. The surges in each 
wire are equal and opposite to the surges in the other wire. 

Questions 

1. Compare the current flow in a doublet antenna to the current in the straight 
half-wave type. 

2. Is the feeder to the doublet an application of the statement that an antenna 

ill oscillate regardless of the point at which it is fed ? 

PART 5: THE END-FED ZEPPELIN HALF-WAVE ANTENNA 

The zeppelin, or zep, antenna is another adaptation of the basic 
half-wave Hertz. The feeders are connected to the end of the 
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antenna as shown in Fig. 486. The tuned feeders are the same as 
those used on the center-fed Hertz antenna. 

This antenna is used when the feeders must he at the end of the 
antenna on account of the location of the operating room and of 
the available supports for the end of the antenna wire. 

How to build the antenna. The antenna proper is half a wave 
long (see Fig. 486). This is 132 feet for 80 meters. Place insu- 
lators at the ends as shown in the diagram. 

U Antenna ha /P wavelength long 



/ 

"Pickup coil 

Fig. 486 . The zeppolin antenna uses a parallel pair of wires separated by 
spreader insulators as the feeder. The parallel wires are a transmission line. 

How to build the feeders. The feeders are each one-quarter 
wavelength long (66 feet for 80 meters). They may also he any 
number of odd quarter wavelengths, such as three quarters, five 
quarters, etc., if the distance from the operating room to the 
antenna is greater than 66 feet. 

They must be parallel. They are held apart by spreader insu- 
lators spaced a few feet apart. The spreader insulators (see Fig. 
486) may be purchased or may be homemade. Porcelain or plastic 
spreaders are excellent. While the spreaders may be from 4 inches 
to 12 inches in length, 6-inch spreaders are commonly used. 

How to operate it. Couple the antenna to the tank coil of your 
transmitter with an antenna coil of four turns. Tune the feeders 
by means of two 100 micromicrofarad midget variable condensers 
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connected, as shown in Fig. 486. Watch the plate milliammeter 
to see at what setting of the condenser the antenna takes the most 
power. 

A radio-frequency ammeter or a flashlight globe, placed in each 
feeder wire as shown in Fig. 486, is convenient to show changes of 
power being supplied to the antenna by different adjustments of 
the transmitter. 

How it works. Now suppose that we change the construction 
of the full-wave antenna shown in Fig. 482 by folding half of it 
to form two parallel feeders with the coupling coil at their center 





point (see Fig. 486). This will leave half a wavelength of the 
antenna for the radiating part. 

The electron surges travel through this antenna as shown in 
Fig. 487. The oscillator drives a surge of electrons out into one 
feeder wire and draws a surge of electrons from the other feeder 
wire. The surges in the two feeders are equal and opposite in 
direction. Because the feeder wires are placed side by side, radio 
waves set up by one wire oppose and kill waves from the other 
wire. For this reason, the feeders radiate little or no energy as 
radio waves. 

The condensers shown in Fig. 486 adjust the timing of the surges 
in the feeders so that they are exactly 180 degrees out of phase. 
This leaves the “flat-top” part of the antenna to radiate waves 
without interference from the feeder wires. But the electron 
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surges in the feeder wire set up surges in the half-wave part of 
the antenna proper. These surges, which were explained in Part 2 
of this chapter, provide the energy which actually is radiated as 
radio waves. 

Look again at the curve of Fig. 483. Here you note that the 
coupling coil is at a point of high current and zero voltage. The 
two ends of the feeder are at high-voltage points and must be well 
insulated. This end-fed antenna is said to be voltage fed because 
the end of the feeder attached to the antenna is a point of high 
voltage. 



coil through a blocking condenser to keep the plate voltage off the antenna. 

PART 6: THE SIMPLEST ANTENNA— THE END-FED HERTZ 

One of the simplest antennas you can build and an easy one to 
get into operation is the end-fed antenna. The end-fed antenna is 
simply a basic half-wave Hertz with one end brought directly to 
the transmitter and connected to the tank coil through a fixed 
coupling condenser. 

This antenna can be built quickly and is easy to get into oper- 
ation. It is a handy and a simple portable low-frequency antenna. 
It is a good antenna for the beginner to use. 

How to build the antenna. Cut the wire to half a wavelength. 
This is 132 feet for 80 meters. 

Attach an insulator at one end (see Fig. 488). Attach a second 
insulator where the part of the antenna nearest to the transmitter 
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will be attached to a support. Attach a third insulator near the 
end at which the antenna is connected to the transmitter. 

How to adjust the antenna loading. Attach the end of the 
antenna wire to a clip. The antenna clip is moved along the 
tank coil to adjust the antenna loading. The antenna loading is 
increased by moving the tap toward the plate end of the tank coil. 
No adjustment of the antenna itself is needed, since it is already 
cut to length. 

How to measure the antenna loading. You can touch a neon 
tube to point X (Fig. 489) to see whether there is radio frequency 
in the antenna. You can also connect a dial lamp in series with 
the antenna to show how it is loading. 


r—The 

X 


antenna 


Tank cot! 


6 


2 


Hfcr 

^O.OJ-pr GOO VO /Is 


mica c on c/ens er 


Fici. 489. The circuit for the end-fed antenna. 


The plate-current meter is another good antenna-load indicator. 
When the final amplifier has been tuned to the lowest dip, it is in 
resonance with the oscillator. But as the antenna loads up, the 
plate current will rise. 

You will find the best adjustment for the tap by watching the 
dial lamp in series with the antenna. Tune to find the setting 
that gives the greatest indication of the lamp. 

Why it works. This is a simple half-wave Hertz antenna. The 
electron surges have been explained earlier in this chapter. The 
antenna is cut to length, so it is fixed-tuned. The blocking con- 
denser is used so that the plate voltage of the final amplifier is 
left off the antenna for safety reasons. 

PART 7: THE MARCONI ANTENNA 

The Marconi antenna is basically the Hertz antenna, but the 
actual antenna itself is only one-quarter wavelength long. One 
end of the wire is connected to ground, which now acts as the other 
quarter of the antenna. 
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The Marconi antenna shown in Fig. 490 is simple to build. Its 
length of one-quarter wave includes the length of its feeder (the 
leadin) and the ground wire. The leadin is an actual part of the 


active radiating antenna. This 
The Marconi antenna is used 
mainly by broadcast and ship 
stations. It is sometimes used 
by amateurs when there is too 
little space to erect a Hertz 
half-wave type of antenna. 

A good ground connection 
is needed for this antenna. 
When dry earth or the location 
of the station in a building 
makes it impossible to reach a 
good ground, a wire called a 
counterpoise is used to replace 
the ground connection. The 


antenna can be tuned at the set. 



Fic. 490. The Marconi antenna is one- 
quarter wavelength long. The trans- 
mitter or the receiver is placed near the 
ground. 


counterpoise is a better conductor than most ground connections 


and so is more efficient than the ground. 


The towers you have seen at broadcasting stations are often 


vertical Marconi antennas. 


How to build the antenna. Build the antenna in the form of 


an inverted L, as in Fig. 490, or in the form of a T. Make the 
antenna any odd number of quarter wavelengths long. 

Measure the length of the antenna from the ground to the end 
of the antenna. The ground wire from the set to the ground con- 
nection and the leadin from the antenna to the set are counted as 


part of the antenna. 

The ground connection. A good ground connection must be 
used with this antenna. It may be a ground clamp attached to a 
cold-water pipe. Scrape the pipe clean and bright where the clamp 
is attached. 


A six-foot rod driven into the earth makes a fair ground. This 
rod has not enough surface to be efficient. 

Sheet metal or a copper boiler buried deep enough to be in earth 
that is always damp makes a good ground. The best ground has 
a large area in contact with permanently moist earth. Connect the 
set in the lead-in wire as near the ground connection as possible. 
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Keep the wire from the set to the ground short and direct. This 
antenna sends and receives somewhat better in a direction opposite 
to the free end of the wire. Build it with this end pointing away 
from the group of stations you want to receive from and send to. 

How to couple the antenna to your set. Attach the antenna 
and ground leads to the blades of the antenna change-over switeli 
as for the previous antennas you have studied. Attach two wires 
from the switch to the receiving set and two to the transmitter 
coupling coil. Use a loop of three turns of wire of the same size 



Flu. 4D1. The Miriahlr condrnsrr \n ill Fu.. 41)4. If llir antenna is too slant 
tune this antenna to a higher frequency. its electrical length can Ik* increased by 

means of a loading coil. It w ill then 
tune to a lower frequency . 

and diameter as the plate tank coil to couple the antenna to the 
tank circuit. Arrange the coupling coil at the plate end of the 
tank coil so that it can be moved to change the coupling. 

How to tune the antenna. Tuning can be done by using a varia- 
ble condenser in series with the antenna, as shown in Fig. 491, or 
by means of a loading coil, as shown in Fig. 492. 

The series condenser shortens the electrical length of the antenna 
so that it can be operated at higher frequencies. The coil increases 
the electrical length so that the antenna will operate at lower 
frequencies. 

How to load the antenna for transmitting. Read the plate 
milliammeter before you couple the antenna to the set. 

Move the coupling coil toward the tank coil until the plate cur- 
rent rises to several times what it was before the antenna was 
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coupled to the set. By still closer coupling more current will be 
drawn, but the plate of the tube will heat. When the plate heats, 
the set is operating inefficiently. 

Why it works. The Marconi antenna uses the ground as half 
of the antenna. Surges reaching the ground rebound as in the 
half-wave Hertz. The timing of the rebound is such that the 
earth acts as a wire a quarter wave in length. 

PART 8: THE COAXIAL CABLE 

What is the coaxial cable? The coaxial cable, which is simply 
a copper wire or a small tube running through the center of a 
larger tube, as in Fig. 493, is quite similar to a two-wire trans- 
mission line. The outer tube is grounded and acts as a shield for 
the inner wire. The inner wire is separated from the outer tube 
by ceramic or plastic spacers placed every few inches. 



Fig. 493. This is a cutaway view of a section of coaxial cable. Note the center- 
m ire conductor and the insulators spaced through its length. Other types of coax- 
ial cable use different constructions. 


The diameter of the cable and the thickness of the copper depend 
on the power the cable handles. For broadcast use, with powers 
up to 2000 watts, the cable may be ^ inch in diameter with a i-inch 
copper tube for the inner conductor. This type of line is safe to 
handle because it is grounded. You will get no radio-frequency 
burns from handling it. Larger cable is used for higher power. 

The line is filled w r ith dry air or dry nitrogen gas under a few 
pounds pressure. This prevents the collection of moisture, or 
“sweating,” inside the cable. 

The coaxial cable may be run underground because there are no 
problems of insulating the conductors as there would be if a two- 
wire line were used. 

What are some applications of the coaxial cable? In a mobile 
transmitter, where the feeder from the final amplifier to the whip 
antenna must pass through the car body, insulating is a problem. 
This is easily solved by the transmission line. 

Note how the coaxial cable resembles the Hertz half-wave center- 
fed antenna and its half-wave twisted pair feeders (see Fig. 485). 
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Here, the coaxial cable takes the place of the feeders, the outer 
cable of one feeder, the inner cable of the other. 

The case shown uses a quarter-wave antenna. The feeder can 
be any length, and the ground is the other quarter wave. The 
antenna must be cut or adjusted to the exact length for the fre- 
quency on which it will operate. 

Questions 

1. How long is the Marconi antenna when measured in wavelengths? 

2. How is the artual length of a Marconi antenna related to the wavelength 
on which it transmits or receives best? 

3. Is the Marconi antenna highly satisfactory for short-wave transmission? 

4 . Compare the coaxial cable to a transmission line. 



CHAPTER 24 


THE VERY HIGH FREQUENCIES 


The interest of all radiomen and the whole world has, in the 
last few years, been focused on the higher frequency end of the 
radio-frequency spectrum. It is the mystery area in which the 
demands of the Second World War caused a generation of tech- 
nical development to be crowded into a few short years. In this 
chapter you will learn something about the action of radio circuits 
at these higher frequencies. 

In this chapter you will learn about the following things: 

Part 1: When Radio Moves into the High Frequencies 

Part 2: The Action of Very High Frequency Radio Waves 

Part 3: Comparison of Ordinary Sets and Very High Frequency Sets 

Part 4: The Very High Frequency Transmitter 

Part 5 : Lecher Wires — How to Measure Wavelength 

Part 6: An Antenna for Very High Frequency Sets 

Part 7: A Transmission Line for the Very High Frequency Transmitter 
Part 8: How to Couple an Antenna to Your Very High Frequency Oscillator 
Part 9: How to Make a Directional Antenna 
Part 10: How to Use a Field-strength Meter 
Part 11: The Very High Frequency Receiver 

PART 1: WHEN RADIO MOVES INTO THE HIGH FREQUENCIES 

The action of radio waves at different frequencies. Radiomen 
have long known that as radio waves increase in frequency, their 
action gradually changes. The most powerful commercial radio 
stations in use prior to the First World War used very low fre- 
quencies to send messages across the oceans. They operated at 
20,000 meters, or frequencies of about 15 kilocycles. The stations 
that started radio broadcasting in the early 1920’s operated on 
about 360 meters. Later, the frequency band between 550 and 
1500 kilocycles (545 to 200 meters) was assigned for all standard 
amplitude-modulation (a-m) broadcasting. In the 1920’s the f re- 
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quencies above 1500 kilocycles (below 200 meters) were thought 
to be useless and were handed over to the amateurs. The amateurs 
■developed circuits, equipment, and antennas. They experimented 
and found that the supposedly useless short-wave (high-frequency) 
bands down to about 10 meters (30 megacycles) were valuable for 
reliable long-distance communication. 

Names of frequency bands. At the time when these so-called 
high frequencies came into general use for long-distance commercial 
circuits, still higher frequencies were thought to have little value 
and, as before, were turned over to the amateurs. These were 
first called the ultrahigh frequencies, but they are now usually called 
the very high frequencies. At present , the different frequency bands 
are listed by the Federal Communications Commission as shown in 
this table: 


Band 

Abbreviated 

Frequencies 

l.v 

' 

Wry low 

vlf 

10 30 kr 


Low' 

1-f 

80-300 kc 


Medium 

m-f 

300 8000 kc 

Broa (least 

High 

h-r 

3 30 me 

Amateur 

Vvry high 

vhf 

30 300 me 

f-m amateur 

Ultra high 

uhf 

300 3000 me 


Superhigh 

si if 

i 8000 up me 

i 



Circuits which worked well at lower frequencies became eccen- 
tric when operated on the very high frequencies. They often 
would not work at all. Or they might work well at first and then 
develop irritating and seemingly hopeless 44 bugs.” The sets used 
by the early experimenters near 5 meters (GO megacycles) were at 
first a headache. (The old 5G- to 60-megaeyele 5-meter amateur 
band has been reassigned by the Federal Communications Com- 
mission. The new band is 50 to 54 megacycles.) The operation 
of these sets was erratic. It was found that the length of wires 
between the tube and the tuning circuit was very important and 
that they must be kept as short as possible. An oscillator which 
would not work at all might go into smooth, steady oscillation 
when the wires connecting the A battery to the filament of the 
tube were shortened 1 inch. 

Tuning circuits became tiny. However, experimenting went on. 
No self-respecting radio amateur or his big brother, the radio- 
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research engineer, would admit that such problems were beyond 
solution. Coils were made smaller; typical coils were from 1 to 
10 turns \ inch in diameter, wound with No. 14 or 16 enameled 
wire. At 144 megacycles, parallel-rod transmission lines were used 
instead of coils in the oscillating tank circuit. Tuning condensers 
were reduced in size, and they were made with fewer plates. 

Insulation problems. Insulation on tube bases and sockets and 
throughout the circuit became a problem, because the phenolic 
type of insulation, then widely used for the lower frequencies, 
proved to be a poor insulator at the very high frequencies. Very 
high frequency currents could be seen in the dark tracing glowing 
lines as they blistered their way across the surface of the insulator, 
which at these frequencies acted as a conductor. 

Ceramic insulation became important. Steatite and high-grade 
porcelain came into use for tube bases, for the insulation of tuning 
condensers, and for standoff insulators. 

What tubes are used for the very high frequencies? Tubes had 
to be specially designed. The distance between elements had to 
be made smaller, because in standard-sized tubes the distance 
between cathode and plate is so great that electrons require nearly 
as much time to cross from cathode to plate (this is called transit 
lime) as a very high frequency surge requires to make a round trip 
through the tuning circuit. The length of the wires and clement 
supports in standard tubes is often longer than the wire in the 
tuning circuit. This forced the development of the tiny acorn 
tube and many other special tubes. 

What antenna is used? The antennas commonly used were and 
still are the familiar Hertz half-wave types. They are, of course, 
shorter in length than the Hertz antennas that are used at low 
frequencies. A 6-meter (50-inegacycle) antenna is only about 
9 feet long, a 2-meter (144- to 148-megacycles) antenna about 
3 feet long. Directional antennas and arrays are easy to build 
and use because they are short. 

PART 2: THE ACTION OF VERY HIGH FREQUENCY RADIO WAVES 

Somewhere near 6 meters (50 megacycles) a radio wave begins 
to act like a light beam. This limits the range of sets of ordinary 
power to operation over line-of-sight, or visual, distances. This 
means that you can operate only as far as you could see if you 
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yourself were at the height of the antenna. In practice, however, 
the distance you can operate extends a little beyond the horizon. 

The wave normally acts much like a light wave. While it is 
stopped by any solid object, the wave will bend, or refract, to a 
degree. It will bend over a hill, and some reception will be 
obtained in the first valley beyond, but seldom over a second hill. 

High power makes possible a better coverage than does low 
power. A low-powered station will dissipate its energy within a 
short distance, while radio waves from a powerful station will 
travel farther and cover a larger area. 

Waves act like light waves. The radio wave is found to be 
stopped by buildings and hills or other obstructions just as a beam 
of light is stopped. Suppose that an experimenter places a walkie- 
talkie operating on (> meters (50 to 54 megacycles) on the bench in 
his shop and sends a friend across the lot with a similar set. The 
two keej) up a running conversation. But when the friend walks 
around a neighbor’s house, his voice fades out in the set in the 
shop (see Fig. 494). After tinkering with his set for a few minutes, 
the friend steps back into the lot to shout back to the experimenter 
in the shop. Imagine his surpise to hear the experimenter calling 
over the walkie-talkie, asking wluit is wrong. As long as the two 
sets were within sight of each other, they operated, but any build- 
ing between the two sets immediately stopped the waves. 

Waves can be reflected. The experimenter and his friend dis- 
cover another interesting effect, that of wave reflection. As the 
friend walks down the street with the portable set, he passes 
several houses. He expects to hear nothing until he passes these 
houses and reaches the field beyond, where he will again be in 
sight of the shop. 

However, he is surprised to hear the experimenter’s voice after 
he has passed the first house. He walks on, talking back to the 
shop, but soon the voice again fades out. Walking back and forth, 
he finds that he can hear from the set in the shop only in a certain 
area. This proves to be the area in which the radio wave is 
reflected from a house on the opposite side of the street (see 
Fig. 495). 

This reflection of very high frequency waves was used by engi- 
neers building the San Franeisco-Oakland Bay Bridge. They 
planned a two-way communication system between the engineer- 
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ing headquarters in San Francisco and the various construction 
headquarters at the pier foundations on the other side of Yerba 
Buena Island. 

A glance at a map of San Francisco Bay shows that lines drawn 
from the station on Telegraph Hill in San Francisco to the piers 
on the Oakland side of Yerba Buena Island pass through the 



radio shadow. Had higher jxiwcr l>een that radio waves at very high frequeri- 

uscd tlie signal might not have l>een cies could be reflected. 

lost. 

island. The island blocked direct contact between Telegraph Hill 
and the radio sets on these piers. But by swinging their directive 
antennas, the engineers on Telegraph Hill were able to establish 
contact with the piers. The radio waves, reflected from buildings 
or hills in Oakland, reached the piers by an indirect path, and so 
communication was established. 

In the classroom or in your home workshop, you will enjoy 
setting up a very high frequency oscillator and experimenting with 
different types of directive antennas. 
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How Radar Speedmeters Work 


Modern ears and highway speeds require modern traffic safety controls. Police 
in many communities are using speed -cheeking equipment similar to this Doppler 
radar transceiver to promote accurate and reliable speed control. 
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PART 3: COMPARISON OF ORDINARY SETS AND VERY HIGH 
FREQUENCY SETS 

When you place a short-wave set and a very high frequency set 
side by side and examine each, you find that they have very few 
fundamental differences. Both use the same basic transmitter 
and modulator circuits and the antennas are based on the same 
principles. The very high frequency set uses smaller tuning coils 
and tuning condensers, and its antenna is very short. 

Developments in tube construction make many standard receiv- 
ing tubes usable in very high frequency circuits. Recently devel- 
oped tubes with very low interclement (inter-element; capacity 
and well-shielded leads inside the base may be used in very high 
frequency sets. 

Standard tubes work well up to the 144 -megacycle band. But 
for frequencies of 235 megacycles or 420 megacycles, the acorn 
tubes or the midget tubes similar to the 9000 series must be used. 
A new type of construction used in the so-called lighthouse tube 
makes possible the use of this tube on still higher frequencies. 

Above the very high frequencies, in the microwave region, special 
tubes such as the klystron and the magnetron must be used. 
These tubes operate on radically different principles. 

PART 4: THE VERY HIGH FREQUENCY TRANSMITTER 

The transmitter for the higher frequencies uses the same circuits 
that you studied in Chapter 20, “Power Oscillators and Amplifier 
Circuits.” The tuned-plate tuned-grid circuit is used. The oscil- 
lator often uses a push-pull circuit. 

A low-powered experimental very high frequency transmitter 
for a 50- to 54-megacycle band will need an oscillator and a power 
amplifier to operate over any distance, but a transmitter for the 
144- to 146-megacycle band will work with only an oscillator. 
These sets will only operate over a distance of a few miles. A 
single tube will modulate either transmitter. 

If the tubes mentioned above are not used, special power tubes 
make good very high frequency oscillators and amplifiers. They 
must either have small elements or be specially designed for use in 
high-frequency circuits. The tuning circuit for the 144-megacycle 
band uses a two-plate midget tuning condenser and coils of one or 



590 


UNDERSTANDING RADIO 


two turns of No. 14 or 1G enameled wire wound on a dowel 
^ inches in diameter. 

For frequencies above 144 to 4^0 megacycles, the parallel-rod 
type of tuning circuit is more efficient than small coil and con- 
denser circuits. Steatite or other ceramic insulation is required. 
Polystyrene and similar high-frequency-resistant plasties are also 
used for insulation. They are easy to work and are excellent for 
set construction. 

Special high-frequency chokes are required. Mica condensers 
must be used rather than the paper condensers. The tuning cir- 
cuit must be shielded to prevent body capacity, which is very 
bothersome at high frequencies. 

Question 

Make a list of differences between long- and sliort-wave sets. 

How to Build and Wire a 144-megacycle Oscillator 

Build this set on a large baseboard. Mount two ceramic lock-in 
sockets on a plastic or pressed-wood panel (see Fig. 49G). Wire 
as shown in Fig. 497. 



Fin. 49(>. Tin* board layout for the very high frequency transmitter. 


Make the plate rods. Cut two pieces of copper tubing of ^-incli 
outside diameter to a length of 16 inches. Solder the copper tubes 
directly to the tube-socket connections. Use only rosin-core 
solder. Use no paste flux, because it is a good conductor at very 
high frequencies. Support the rods on polystyrene or ceramic 
standoff insulators. Space them accurately % inch apart, center 
to center. Errors which are slight at low frequencies are much 
larger at high frequencies. 
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Make the grid coil. Make this coil of No. 14 enameled wire. 
Wind two turns on a $-inch rod, or dowel. Space the turns so 
that the coil is about j inch long. Allow about i inch on the 
ends of the turns to solder to the tube socket. Cut off any sur- 
plus wire. Use ceramic-insulated tuning condensers, since high 
frequency easily leaks through ordinary insulation. 

Make the coupling loop. Form a small U-shaped coupling loop 
of No. 14 enameled wire. Space the sides of the U i inch apart. 
Mount the loop near the end of the plate rods as a coupling loop 



144 megacycles. 

(see Fig. 49(>). This loop is used to couple the transmitter to an 
antenna or to a dummy antenna. 

Note, in Fig. 497, that the filament-heater wires are grounded. 
Make the dummy antenna. You can connect a 125-milliampcre 
dial lamp across the pickup loop to act as an untuned dummy 
antenna. If the loop is coupled too closely to the plate rods, the 
lamp may burn out. Bend the loop away from the rods if the 
lamp burns out. 

How to Build and Wire a Modulator 

Build this set on a small baseboard. The jack for the carbon 
microphone is at the left as part of the microphone circuit (see 
Fig. 498). 

Use a microphone-to-grid input transformer in the grid circuit. 
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Use a 10- to 30-henry 50-milliampere choke for the modulation 
transformer. None of the rest of the circuit is unusual. Wire the 



Fig. 498. Layout of parts for the modulator to he used with the very high fre- 
quency transmitter for a low-powered radio telephone. 



ac dc 

Fig. 499. The circuit diagram for the modulator. 

modulator as shown in Figs. 498 and 499. The circuit of the com- 
plete set is shown in Fig. 500. 

How to Operate It 

High-frequency equipment requires greater care to tune and 
to operate than do low-frequency sets. This is true for several 
reasons. Slight changes in the spacing of the parallel wires, vibra- 
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Fig. 500. The diagram of the complete circuit of the low-powered very high fre- 
quency radio-telephone transmitter. 


tion, or a part slightly bent because of handling, which would 
ordinarily be unnoticed, may seriously affect the operation of 
this set. 

Step 1 . Set the shorting bar near the end of the plate rods. 

Step 2 . Turn on the B battery. 

Step 3. Tune the grid tuning condenser until the plate meter 
dips to the lowest point (about 20 milliamperes). The oscillator 
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is now in operation at an unknown frequency. The frequency 
may be measured by means of the Lecher wires described in Part 
5 of this chapter. 

Step J+. You can change the frequency by moving the shorting 
bar on the plate rods. To raise the frequency, you move the liar 
toward the tubes; to lower the frequency, move away from the 
tulies. 

Step 5. Readjust the grid tuning after you move the shorting 
liar as explained in Step 3. If the set fails to oscillate, try changing 
the size of the grid coil. Tune this coil by stretching it so that the 
turns are farther apart or closer together. If this fails to make 
the set oscillate, either add a turn or cut off a turn. 

Step 6. Connect the antenna to the coupling loop that you 
built on the board to act as a load. Adjust the coupling between 
the antenna and the oscillator by bending the pickup loop. The 
plate meter should show a 15-milliampere increase as the antenna 
absorbs power from the oscillator. Retune the grid circuit to the 
lowest dip. 

Why It Works 

The explanation of this very high frequency oscillator is the 
same as that of the tuned-plate tuned-grid oscillator explained in 
Chapter 20. The action of the modulator is explained in Chap- 
ter 22. 

The parallel plate rods act as the tuned plate circuit. You tune 
them by adjusting the position of the shorting bar. 

Instead of tuning by changing the capacity of the variable con- 
denser, as in a standard circuit, you move the bar, which changes 
the actual length of the rods. This has the same effect as adding 
or subtracting turns to the coil. 

PART 5: LECHER WIRES— HOW TO MEASURE WAVELENGTH 

Lecher wires, two long parallel wires coupled to a transmitter, 
are a form of transmission line useful for measuring the wave- 
length of a high-frequency oscillator. Electron surges in these 
wires produce points where the voltage is strong and other points 
where it is zero. (On long Lecher wires you will find several 
similar sets of points.) These points, which are spaced at regular 
distances, are caused by standing waves. Standing waves are 
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points of maximum and minimum current, or voltage. The dis- 
tance between two nodes or two loops is a half wavelength. From 
this distance, measured in meters, you can readily determine the 
wavelength at which your oscillator is operating. Knowing the 
wavelength, you can compute the frequency. 



Fuj. 501. Lecher wires used to measure ver\ high frequencies. The wires 

are mounted on a slide hoard so that a meter hoard can he moved under them to 
measure standing waves when the wires are used in later experiments as a trans- 
mission line. 




How to build and wire the set. Stretch two No. 14 bare copper 
wires 8 feet long between supports (see Fig. 501). Place an insu- 
lator at each end of each wire. Space the wires 2 A incites apart. 
The wires must be accurately spaced to operate correctly. 

Make a shorting bar of No. 14 

bare copper wire. Form each end (Q) (Q) 

of this wire into a loop (see Fig. ' = $ 

502). The shorting bar must be 

arranged so that it will slide along ^ (fiy 

the Lecher wires and will keep the ^ (Ir s v V. 

spacing of the wires the same while r~~ » 

maintaining good contact at all Dial lights A I 
times. 

TT , . .. T>1 Fig. 502. Shorting bars for the 

How to operate it. Place a . . . . , ri , 

* . . Ix*eher-vure cx])cruncnt. 1 lie* dial 

milliam meter in the plate circuit of ligju, soldered in the bar, shows 
the oscillator. Attach two wires nodes and loops by its glow, 
from the pickup coupling loop on 

the oscillator to the Lecher wires. Turn on the very high fre- 
quency oscillator. Place the shorting bar across the two Lecher 
wires at the insulators (see Fig. 508). 

Use a yardstick or a piece of dry wood at least 2 feet long to 
slide the shorting bar down the Lecher wires. Slide the shorting 
bar slowly along the wires until the milliammeter shows a sharp 
dip. Move the shorting bar back and forth until you have accu- 


Dial light 




Fig. 502. Shorting bars for the 
Ix*eher-wire experiment. The dial 
light, soldered in the bar, shows 
nodes and loops by its glow. 



596 


UNDERSTANDING RADIO 


rately determined the position at which the meter shows the dip. 
Mark this point with a piece of string tied around the wires. 

Now slide the shorting bar further along the Lecher wires until a 
second point is found at which the meter shows a sharp drop in 
plate current. Find the position of this point accurately, as before, 
and mark it with a string. These are nodal poinls. 

How to determine the antenna length and frequency. Measure 
the distance between the nodal points, where the meter shows a 
sharp drop in plate current. The distance between two of these 
points is equal to half the wavelength on which the oscillator is 



Fig. 503. Couple the very high frequency oscillator to the Lecher wires. The 
distance between the loops shows the wavelength on which the oscillator is oper- 
ating. Figure the frequency from the wavelength. 


operating. This will be the length in inches of the antenna which 
you use for this transmitter. 

You can compute its frequency by using the formula 


Frequency in megacycles 


5906 

antenna length in inches 


Questions 

1. Why is it necessary to use rosin-core solder on very high frequency sets? 

2. What fraction of a wavelength is the distance between two points on the 
lecher wire at which the meter reading dropped? 

3. Ilow can you locate the reflected waves on the Ix*chcr wire? 


PART 6: AN ANTENNA FOR VERY HIGH FREQUENCY SETS 

You may use the center-fed doublet antenna for your very high 
frequency experiments, because it is an easy antenna to build and 
adjust. It is connected to the set by a transmission line. For 
regular installations a special cable designed for this purpose is 
used. In commercial work a coaxial cable is used for the trans- 
mission lines. 

Make the doublet antenna in two halves of equal length (see 
Fig. 504). If you use them in the laboratory, the length of these 
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two halves should he adjustable. Use two adjustable whip-type 
ear antennas, or make your own antenna of tubing with sliding 
rod inserts. In this experiment the total length of these antennas 
should be about 24 inches. When 
this length of antenna is about 20 
inches, it will operate in the 144- to 
148-megacycle band. This antenna 
will draw power from the oscillator. 

Mount the antenna rods on standoff 
insulators set on an upright about 5 
feet high with a base which will pre- 
vent it from tipping over when in use. 

PART 7 : A TRANSMISSION LINE FOR THE 
VERY HIGH FREQUENCY TRANSMITTER 

It is often desirable to place the 
antenna at some distance from the 
transmitter. The feeder, or trans- 
mission line, which carries power 
from the transmitter to the antenna 
may be of considerable length. This 
line must be built and used correctly 
so that the energy you put into it at 
the oscillator will reach the antenna. 

It must also be properly coupled to 
both antenna and transmitter, or part 
or all of this power will be lost. 

You can use a two-wire transmission line or a coaxial cable. 
Properly designed lines are very efficient, and most of the power 
fed into the line will be delivered to the load at the other end. 
The load in this experiment may be an antenna or a resistance. 
The power from the oscillator, transferred to the antenna by the 
transmission line, is radiated as radio waves. 

You can tell how efficiently the line is operating by checking for 
standing waves. Standing waves in a transmission line are an 
indication that part of the power in the antenna is feeding back 
into the line by reflection. 

Make the transmission line. Make the line of two No. 20 
enameled wires spaced 2 inches apart on centers. The length of 
the line is not critical. For experimenting in the laboratory, the 


-Two whip-type 

antennas 


Standoff 
ins viators s 



Fig. 504. Mount tin* antenna 
on a stand for use in these 
experiments. 
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line may be from 10 to 20 feet long. For attaching your trans- 
mitter to an outdoor antenna, a longer line will be needed. Cut 
spacers of ^-inch-thick Lucite, j-incli wide by 2 ^-inches long. 
Drill two holes 2 inches apart for the line wires. 

Thread the wires through the spacers. Separate the spacers by 
about 3 feet. A drop of model-airplane cement will hold the 
spacers in place on the wires. 

Check for standing waves. Now learn how to connect the line 
to the antenna and how to adjust the hookup so that power is 
transferred to the antenna. When you selected the size of the 
wire and its spacing, you determined the impedance of the trans- 



uhf Oscillator Slide Board ^ 

Fig. 505 . Attach the transmission lint* to the slide hoard for the standing-wave 
test. Note the plastic strips used both to insulate and to clamp the wires of the 
line to the slide board during the test. 

mission line. It is easy to find the actual value of this impedance 
by a simple experiment. 

You can find the impedance of the line by connecting noninduc- 
tive resistors to the end of the transmission line in place of the 
antenna. When you have the correct resistance connected to the 
end of the line, the maximum power will be transferred from 
the transmitter, through the line, to the resistor, where it w'ill be 
diss'pated as heat. There will be no standing waves in the line. 

When an incorrect resistance is attached to the end of the line, 
power is reflected back into the line, and it creates standing waves. 
A meter, described below, may be used to show the presence of 
standing waves on the line. 

How to Hook Up the Experiment 

Step 1. Attach one end of the transmission line (of any con- 
venient length) to the high-frequency oscillator. Attach two clips 
to the antenna end of the transmission line. 
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Step 2. Try attaching different 5-watt carbon resistors to the 
clips at the end of the line as you run this test (see Fig. 505). 
You will need one of each of several sizes: a 300-ohm, a 400-ohm, 
a 500-ohm, and a 600-ohm 
resistor. 

Step 3 . Start with the low- 
est value, and try each resistor 
until the test meter described 
below shows no standing waves 
on the line. 

How to Build and Wire the 

Test Meter 

A test meter is needed to 
check the transmission line for 
standing waves. It is a small receiving set using a crystal rectifier 
and a 0 to 1 direct-current milliammeter to indicate the energy 
picked up from the line by a pickup loop 


Pickup /oop 



Fit;. 50(5. The board layout for tin* test 
meter to be used for the cheeking of tlui 
transmission line for standing waves. 



* f 

Slide board K Tesf meter 


Fig. 507. Set the test meter under the transmission line on the slide board to 
run the test. Adjust the height of the pickup loop to get the desired meter- 
reading range. Move the meter board along the slide board to find the nodes and 
loops of the standing waves. 


Mount the crystal and a 0 to 1 direct-current mir.iammeter on a 
baseboard as shown in Fig. 506. Make the pickup loop of No. 14 
enameled wire. Wire the meter as shown in Fig. 506. Build a 
slide board for the meter pickup as shown in Fig. 507. This will 
keep the pickup loop at a uniform distance from the wires as you 
move the meter along under the line 
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How to Operate It 

Step 1 . Set the test-meter slide board under the transmission 
line as shown in Pig. 507. Place the test-meter line on the slide 
board. 

Step 2. Attach the end of the transmission line to the pickup 
loop on the oscillator. Turn on the oscillator. 

Step 3. Adjust the coupling loop on the meter by bending it 
upward or downward until the meter reads full scale — 1 milli- 
ampere. The loop should be about 3 inches below the trans- 
mission-line wire. If too near the wires, the meter will get too 
much current, and both the meter and the crystal may be burned 
out. A fuse on the meter is a sensible protection. If the loop 
is too far from the wires, the current it picks up will be too weak 
to give full-scale reading. 

Move the meter board along the slide. 

Step 4- Try different resistors at the end of the transmission 
line until the meter reading is the same all along the line. 

Why It Works 

When you find a resistance where there are no standing waves 
on the line, the oscillator is delivering all its power to the resistor. 
The resistor is dissipating the radio-frequency power as heat. 

If you find that a 500-ohm resistor makes a flat line, one that 
has no standing waves, then you arc safe in assuming that the 
approximate impedance of the line is 500 ohms. 

PART 8: HOW TO COUPLE AN ANTENNA TO YOUR VERY HIGH 
FREQUENCY OSCILLATOR 

When you couple an antenna to your oscillator, you can talk 
around town with this very high frequency set. Remember that 
this may only be done legally if a licensed radio amateur is in 
charge of the station and if the equipment is licensed by the 
Federal Communications Commission. 

Now attach the doublet antenna described earlier to the end of 
the transmission line (see Fig. 508). Adjust the length of the two 
halves of the antenna until they draw power from the transmitter. 
The antenna should be about 20 inches in over-all length. It will 
then operate in or near the 144- to 148-megacycle band. 
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If it is too long or too short, it will reflect energy l>aek into the 
line, and onlv part of the power developed by the oscillator will 
reach the antenna. This condition is shown by standing waves 
on the transmission line. 



line. 

Let us now study the transmission line and learn something 
abtt L autiou and h„» it can be adjusted to transfer .nos. of 
the power from the oscillator to the antenna. 

PART 9: HOW TO MAKE A DIRECTIONAL ANTENNA 
If you were to make a field-strength meter and take readings 
on i/as you walked outward from a vertical antenna, you won 
find that the field pattern was uniform around the antenna 
streneth of the radio waves diminishes rapidly as you move away 
from the antenna, but the field strength for a vertical antenna at a 
distance of 20 feet from the antenna is the same m any direction. 
d However, instead of spreading the energy in all directions when 
you wish to talk to a definite station, you can arrange your antenna 
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so that most of the energy in the radio waves is concentrated in 
one direction. 

One way to do this is to place a second antenna rod near it (see 
Fig. 509). If a second antenna slightly longer than a half wave is 
placed parallel to the main antenna and slightly less than one- 
quarter wave behind the first antenna, it will act as a reflector. 
It is called a parasitic reflector because it reradiates energy from 


I s~The driven 
^ antenna 


r The DIRECTOR 
) an fen n a 


mT 

i 





Fio. 509. Set a director near the antenna to make it into a directive or beam 
antenna. 

the main antenna to produce reflections. It will reflect the radio 
wave as shown in Fig. 510. 

But when placed in front of the antenna, as shown in Fig. 511, 
the second antenna acts as a parasitic director . The director 
antenna is slightly shorter than a half wave. Note the direction 
of the resulting radio waves. 

How to Operate It 

Set up a reflector, and learn its action in strengthening the wave 
in one direction. 
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Shght/y /ess than one - 
quarter wave length 



TOP 


Ref/ec tor ■> ~ Antenna 

A t 



FRONT 


Fio. 510. Place a second antenna slightly less than one-quarter wave behind the 
mam antenna, and it acts as a parasitic antenna which uses energy received from 
the first to reflect the radio waves in the direction shown in the drawing. 


Step 1 . Set the reflector near the antenna on the side away 
from the direction in which you wish the antenna to operate (see 
Pig. 510). 

Step 2. Move it away from the antenna 2 inches at a time. 
The position of the reflector is about one-quarter wave behind the 
antenna for best results. This position is important. 
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Step 3 . Check with the field-strength meter until the radio 
waves are stronger on the side away from the reflector. 

Step Jf. When this occurs, measure accurately the distance 
between the rods. Find out by what fraction of a wavelength the 
two are separated. Try the same experiment for a director rod. 


Slightly less than one- 
guar ter wavelength 



\ ( 

Oscillator 'Antenna v Director 


TOP 



Oscillator 


FRONT 

Fig. 511. Here the parasitic antenna is set in front of the main antenna where it 
acts as a director to collect and direct the radio-wave energy in one direction. 


It is placed on the side of the antenna toward the direction in 
which you want the strongest radiation from your antenna. Pro- 
ceed as explained for the reflector. You can get still better results 
by using both a reflector and a director together. 


Why It Works 


Energy radiated from the driven antenna (the one to which the 
transmission line is connected) sets up electron surges in the reflec- 
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tor. These surges in turn radiate radio waves. The waves from 
the reflector combine with the wave from the driven antenna to 
form a strong field of radiation, as shown in Fig. 510, on the side 
opposite the reflector. Radiation on the side facing the reflector 
is quite weak. 

The same action occurs in the director antenna. It aids and 
strengthens the radio waves on its side of the driven antenna (see 
Fig. 511). 

PART 10: HOW TO USE A FIELD -STRENGTH METER 

This meter is a well-shielded one-tube receiving set built in a 
metal box. A short antenna picks up energy, and a meter reads 

r Antenna 



Fig. 512. Tlic circuit diagram for the field -strength lest meter. 


the plate current flowing in the tube. This meter reading is used 
to plot a curve which shows the strength of the field around the 
antenna. 

How to Build and Wire It 

Mount the parts for the meter in a closed metal box. Mount 
the filament switch, the tuning condenser, the zero set resistor, 
and the meter on one face of the box. 
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The zero set resistor and the battery switch are insulated from 
the metal box (see the schematic diagram in Fig. 512). 

Make the antenna of a light metal rod, or tube, i inch in diam- 
eter and about 1 foot long, mounted on an insulated binding post 
or an insulated jack. 

How to Operate It 

Step Z. Attach the antenna and turn on the filament. 

Step 2 . Carry the field-strength meter some distance away from 
the antenna. Set the meter reading to zero by means of the zero 
set resistor. 

Step 3. Take readings at definite distances from the antenna. 
Record these readings. You can later transcribe them on a piece 
of polar-coordinate paper. 


Questions 

1. Show how you can use standing waves to prove that your antenna is the 
right length. 

2. Compare the construction of a transmission line for high frequencies with 
a line used for low frequencies. 

3. Describe how to use a field-strength meter in checking the field strength 
around a vertical antenna. 

4. What is the correct distance of the director from an antenna for obtaining 
the best directive results? 

5. What are the differences between the construction of a test meter used for 
cheeking power in a transmission line and the construction of a field-strength 
meter? 


PART 11: THE VERY HIGH FREQUENCY RECEIVER 

Because high frequencies in a coil tend to make adjacent turns 
of a coil act like a condenser, a new type of coil must be used, 
one with space left between turns. Parallel rods can be used in 
place of a coil. The length of connecting wires between parts 
must be made as short as possible, because even a short wire may 
act as an uncontrolled oscillating circuit. These wires also have a 
capacity which cannot be controlled as can the capacity in the 
tuning condenser. 

For this reason, the parts must be placed very closely together, 
and in many cases, the fixed condensers and resistors are soldered 
directly to the tube sockets. 
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Capacity of connecting wires outside the tuning circuit acts like 
a fixed condenser shunted across the tuning condenser. It reduces 
the amplification in that stage. Two ways to overcome this prob- 
lem are to use the superheterodyne circuit, with its great selec- 
tivity, or the super regenerative (super-regenerative) circuit, which 
is highly sensitive and has high amplification. You will work with 
the latter circuit in this chapter. 


Coil - two to three turns No /4 

£-mch diameter 7A4 



Fig. 513. The circuit diagram for the Miperregenenitive receiver. 

The superregenerative receiver uses a principle which extends the 
sensitivity and the amplification far beyond that of the regenera- 
tive circuit. This circuit is another developed by Armstrong. 

How to build and wire the superregenerative receiver. Build 
the receiver on a small baseboard. Mount the parts on an upright 
piece of masonite as shown in the diagram. The tuning condenser 
must have ceramic insulation. Solder the coil directly on the con- 
denser. Make the coil of two to three turns of No. 16 enameled 
wire. Wire the set as shown in Fig. 513. 

Use a small £-watt resistor for the grid leak and a small mica 
grid condenser. Note that one radio-frequency choke is a special 
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ultrahigh-frequency type. The other is an ordinary 80-millihenry 
receiver elioke. 

Use a regeneration-control resistor with attached switch to open 
and close the filament circuit. 

All connecting wires in the tuning circuit and wires from this 
circuit to the tube must be as short as possible. While wires out- 
side of the tuning circuit beyond the radio-frequency chokes are 
less important, they also should be kept as short as possible. 

How to operate it. The operation of this set is very simple. 
With the cathode hot and the B voltage on, the set will go into 
superregeneration at once. If the set does not superregenerate, 
you will find some fault in the circuit. 

Try changing the B voltage until you find a voltage at which 
your set will superregenerate over the entire tuning range of the 
condenser. This should be somewhere around 90 volts. Check 
the circuit carefully to see that the set has been properly wired. 
Superregeneration produces a steady, strong hiss in the receiver. 
If no hiss is present, the set is not operating correctly. You will 
find that the hiss stops as you tune the set to resonance with the 
signals you wish to hear. 

See if any soldering paste or flux has melted and run down the 
soldering lugs onto the insulation on any of the parts. Ultrahigh- 
frequency currents follow this flux as if it were a piece of wire. 
It is common to find that this set will not operate because paste 
flux has been used and has run across the insulation, shorting out 
parts of the circuit. Avoid this trouble by using only rosin-core 
solder. 

You may also find that changing the size of the antenna coupling 
condenser will allow the set to go into superregeneration. 

Questions 

jL. How do you know when the set is superregenerating? 

i&. What are some ways for correcting the trouble when the set will not 
superregenerate ? 

Why it works. The regenerative type of receiver which you 
have used both in the long-wave and short-wave receiving circuits 
is extremely sensitive. Its sensitivity is brought about by feeding 
back energy from the plate circuit to the grid circuit. You will 
remember that the set is most sensitive when adjusted just below 
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the oscillation point. Here the signals are clearest and loudest; 
when you try to increase the volume still more, the set pops into 
oscillation and the signals become distorted. The nearer you can 
adjust your set to the oscillation point, the more sensitive your set 
will be. 

Draw a sensitivity curve. Let us draw a curve in which a line 
shows the sensitivity of the receiver. We shall use the setting of 
our regeneration-control condenser as one base line and the sensi- 



Fiu. 514 . The sensitivity curve for the snperregenerative receiver. 

tivity of the set as the other base line (see the curve in Fig. 514). 
You will notice that when you turn the control from 0 to about 40 
there is very little sensitivity in your set. The height above the 
sensitivity line shows how sensitive this set is at any setting of 
the condenser. The part of the curve near the base line shows 
that at this condenser setting, the set is very insensitive. As the 
curve rises, it shows that the sensitivity of the set is increasing. 
As the curve goes up steeply, it shows that a very little motion 
of the regeneration-control dial is increasing the sensitivity very 
rapidly. You will notice that between 40 and 00 the sensitivity 
increases with extreme rapidity and that at about 00 the smallest 
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adjustment you can make on the condenser will throw the set into 
oscillation. 

The part of this curve between lines A and B is the part you 
can use with the ordinary regenerative circuit. You will notice 
that you are able to use only a part of the sensitivity of this set 
because it will go into oscillation. You cannot adjust the set by 
the mechanical movement of turning the condenser dial and get 
anywhere near the maximum output of the set. When your regen- 
erative receiver is operating close to the oscillation point, it is 
unstable. A surge of static or a loud signal will be enough to 
throw the set into oscillation. Therefore, you must back the con- 
trol away from this point. You need some method which will 
allow you to operate close to the oscillation point and yet will pre- 
vent the set from spilling over into oscillation. This is done in 
the superregenerative circuit. 

How does the superregenerative circuit work? This system of 
superregeneration uses a grid condenser and a high-resistance grid 
leak (5 megohms) to interrupt the oscillation of the superregenera- 
tive detector. This resistance is high enough to collect and hold 
electrons on the grid and to block the action of the tube periodi- 
cally. This stops the oscillation of the tube at a frequency above 
20,000 times per second and provides superregeneration. 

What is quench frequency? There is also another electrical 
method of preventing the receiver from reaching the oscillating 
point. This new method uses a separate oscillator coupled to the 
superregenerative receiver. The job of the new oscillator is to 
prevent the receiver from going into oscillation and yet to allow 
the receiver to operate as near the oscillation point as possible. 

In this new circuit, the control of regeneration is automatic. 
It is accomplished by coupling the separate oscillating circuit to 
the plate of the regenerative receiver. The oscillation point is 
now controlled electrically. 

This quench oscillator is adjusted to operate at a frequency of 
20,000 to 50,000 cycles per second. The quench oscillator is 
coupled to the receiver, so that its output reduces the plate cur- 
rent of the superregenerative receiver to a value below the oscil- 
lating point of 20,000 times per second. The result is that the 
signals in the receiver can build up to a maximum volume. Any 
distortion that occurs in this circuit is above audibility. Conse- 
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quently, the new circuit works at the most sensitive point on the 
curve. This type of receiver is far more sensitive than the ordi- 
nary regenerative receiver. 

The fact that this circuit tunes very broadly is an advantage in 
the very high frequency band, because it allows you to tune across 
a comparatively wide band and pick up the signals you wish to 
hear. Interference is produced by this receiver because it is in 
continuous oscillation. It acts as a weak transmitter. This cir- 
cuit defect is overcome by the use of the superheterodyne type of 
receiver. 

Questions 

1. Are you able to operate an ordinary regenerative set el os? to the limit of 
sensitivity? 

2. Is it possible to adjust the set mechanically so that it will operate near the 
peak of sensitivity without its going into oscillation by itself? 

3. Show how the quench frequency will permit the set to build up to the peak 
of sensitivity and then stop it just as it goes into oscillation. 

Technical Terms 

acorn tubes — Special high-frequency tubes which get their name from their 
shape. 

director— Rods or wires placed in front of an antenna to assist in making it 
directional. 

field-strength meter — A well-shielded portable receiving set used to measure the 
strength of the radio waves radiated from an antenna. 

Lecher wires — A pair of spaced wires used to measure wavelength, or frequency, 
microwaves — Waves in the superhigh -frequency region, 
polystyrene — A plastic type of insulation. 

quench frequency — The frequency set up in tin* superregeneiative receiver which 
allows the circuit to operate very close to the point of maximum sensitivity 
without going into regeneration. 

reflector — Rods or wires placed behind an antenna to reflect the radiated wave 
so that the antenna will radiate most of its energy in a desired direction, 
steatite — A ceramic type of insulation. 

superregeneration — Regeneration controlled by the action of the circuit, so that 
the receiver is made very much more sensitive than is possible with hand- 
controlled regeneration. 
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FREQUENCY MODULATION 


Through the years radio broadcasting has undergone great tech- 
nical development and refinement. In the development from the 
crude set of the 1920’s with its maze of wires and its elementary 
tuning system to the modern single-control console in a beautifully 
designed cabinet we have seen a host of improvements in tubes, 
circuit design, and speakers. 

Nevertheless, in spite of all this improvement, we are still 
plagued by the crackle of static. Many attempts have been made 
to overcome this noisy nuisance, with some degree of success. It 
remained for Edwin II. Armstrong to develop a practical circuit 
which eliminates static. His frequency-modulation (f-m) circuit 
also makes possible the reception of higher fidelity music than was 
practical with the older amplitude-modulation (a-m) system. 

You will study in this chapter the differences between frequency- 
modulation and .amplitude-modulation receivers and transmitters, 
as well as something about the technical operation of this new type 
of circuit. 

In this chapter you will learn the following things: 

Part 1 : What Frequency Modulation Is 

Part 4: How Frequency Modulation Compares with Amplitude Modulation 
Part 3: IIow the Basic Frequency-modulation Circuit Differs from the Basic 
Amplitude-modulation Circuit 

PART 1: WHAT FREQUENCY MODULATION IS 

You have read a great deal about frequency modulation (f-m) 
in the news and in popular technical magazines, and you may 
have wondered what the name meant. You studied amplitude- 
modulation (a-m) in Chapter 22. You learned in that chapter 
that in amplitude-modulation broadcasting, the sound waves set 
up voltages in the speech amplifier and modulator circuit which 
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varied the strength , or amplitude, of the radio-frequency carrier 
wave. 

In frequency modulation the strength of the carrier wave remains 
the same at all times. Modulation changes the frequency of the 
carrier in this system of broadcasting. 

PART 2: HOW FREQUENCY MODULATION COMPARES 
WITH AMPLITUDE MODULATION 

The new frequency modulation system has a number of advan- 
tages over the standard type of amplitude-modulation broadcast- 
ing. The outstanding advantages are the unusual sound-volume 
range, the high fidelity of reproduced made, and the elimination 
of static. Listen to a standard broaden 4, and notice that you 
hear few very faint sounds and few extremely loud sounds. In 
the broadcast station an operator sits before a control panel where 
meters show him the volume of the sound picked up by the studio 
microphone. A part of his job is to keep the sound level uniform. 
He must be particularly careful that no extremely loud sounds get 
through, because they overload the transmitter. But when you 
listen to a frequency-modulation receiver, you will be able to hear 
the whisper of wind or the roar of a train crossing a trestle. 

Another advantage is the ability of the frequency-modulation 
radio system to broadcast sounds ranging from the lowest fre- 
quencies to the highest that the human ear can hear. The ampli- 
tude-modulation system covers from about 60 to 5000 cycles, and 
the frequency-modulation system covers from 30 to over 15,000 
cycles. In frequency modulation you will hear the wide sound 
range of the pipe organ. You will hear the high frequencies which 
give brilliance and life to the speaking voice, to a singer, particu- 
larly a soprano, and you will hear the upper reaches of the violin, 
the piccolo, and similar instruments. You now should be able to 
hear the hiss of escaping steam and the true shriek of a tire. Your 
ear may have to be reeducated to the realism of the new frequency- 
modulation system. 

The same higher fidelity can be built into the amplitude-modu- 
lation system, but several serious technical problems immediately 
arise. First, the amplitude-modulation high- fidelity system would 
be considerably more expensive than the present system. Second, 
a wider band of frequencies would be needed for each amplitude- 
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Klictronu a 

Testing Condensers in Environmental Chwirkr 

Condensers must be severely tested for reliability. Not only are they used in 
equipment operating in regions of intense cold, but they are also used in guidance 
and control circuits of missiles, where intense heating occurs. 

modulation broadcast station. At present, each amplitude-modu- 
lation station is allowed a space of 10 kilocycles in the frequency 
spectrum. This limits the amplitude-modulation system to a 
5000-cvcle audio tone (5000 cycles on each side of the station 
frequency). This limitation is due to the frequency allocations 
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made by the Federal Communications Commission and is uol due 
to equipment limitations. High-fidelity amplitude-modulation 
systems would reduce the number of broadcast stations now on 
the air, because each station would require a wider slice of the 
frequency spectrum (about 30,000 cycles instead of 10,000 cycles, 
as at present, to equal the fidelity of the frequency-modulation 
system). This would be extremely difficult, because the demand 
is for more rather than for less broadcast stations. 

There are several reasons why the frequency modulation station 
can be designed and built to broadcast the wider range of audio 
frequencies. One reason is that the frequency modulation stations 
are now assigned a band of frequencies ranging from 88,000 to 
108,000 kilocycles. (A simpler way to write these frequencies is 
88 to 108 megacycles. Megacycle means 1000 kilocycles.) This 
is a frequency band 20 megacycles wide. This means that many 
more frequency-modulation stations can operate on the new fre- 
quency-modulation band than in the broadcast band, which is a 
little more than 1000 kilocycles, or 1 megacycle, wide. 

Another reason is that the frequency-modulation transmitter, 
because it operates on very high frequency, has the relatively short 
range of about 50 miles. This is the line-of-sight 'distance you 
have read so much about. The frequency-modulation antenna 
mounted on top of a tower several hundred feet high will be in 
sight of the receiving antenna. Stations over the horizon from 
the frequency-modulation antenna will receive poorly if at all, 
reliable transmission being confined to the 40-mile radius. Occa- 
sionally, longer distances are reported, owing to skip, but these 
ranges cannot be depended on for reliable, good reception. 

What about static? The elimination of static, which has been 
called the chief reason for the development of the frequency- 
modulation system, stems from the basic principle on which fre- 
quency modulation operates. You may recall that sound entering 
the microphone of the standard amplitude-modulation transmitter 
produces changes in the amplitude of the carrier wave in the 
antenna. You will learn as you study this chapter that changes 
of amplitude are completely eliminated in both the frequency- 
modulation receiver and the frequency-modulation transmitter. 
This feature in the receiver and transmitter is responsible for 
static-free reception. 
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What is your new frequency-modulation receiver like? Your 
new receiver probably has i wo radios in one, a combination ampli- 
tude-modulation and frequency-modulation set. Most communi- 
ties have one or more frequency-modulation broadcasting stations. 
Receivers within a 50-mile radius of this frequency-modulation 
transmitter are able to receive its fine, high-quality music and 
programs on the frequency modulation part of the set. But if 
you wish to receive a short-wave program direct from some other 
country, you switch to the amplitude modulation section of your 
receiver where you still have the problem of fading and static, 
which now are a curse to much long-distance reception. 

The better frequency-modulation sets have a high-fidelity 
speaker and a fine audio amplifier which bring you music of 
unusual tone range and great realism. The high-fidelity speaker 
has a “woofer” for the bass tones and a “tweeter” for the high 
tones. A special filter circuit between the output transformer and 
the voice coils separates and directs the low frequencies to the 
woofer and the high frequencies to the tweeter. In the high- 
fidelity speaker of the future, this job will no doubt be combined 
in one complete operation. 

You tune the frequency-modulation receiver just as you tune 
your amplitude-modulation set. Its dial is marked with a new 
set of frequencies starting at 88 megacycles and running to 108 
megacycles, or by numbered channels (each channel is 200 kilo- 
cycles wide), while your amplitude-modulation receiver is marked 
from 550 to 1750 kilocycles. The new set also has volume and 
lone control. 

Questions 

1. List the advantages claimed for frequency modulation. 

2. List the disadvantages of frequency modulation. 

3. List the advantages of amplitude modulation over frequency modulation. 

4. What frequencies are used for frequency modulation? 

PART 3: HOW THE BASIC FREQUENCY-MODULATION CIRCUIT DIFFERS 
FROM THE AMPLITUDE-MODULATION CIRCUIT 

Examine the basic amplitude -modulation transmitter. First 
examine the amplitude-modulation transmitter, since you have 
already studied this circuit. The block diagram in Fig. 515 shows 
an oscillator which sets up a steady radio-frequency carrier. Its 
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output is fed to one or more radio-frequency amplifiers which 
increase the amplitude of the radio-frequency carrier. The out- 
put of the final radio-frequency power amplifier is connected to 
the antenna. This part of the amplitude-modulation transmitter 
generates powerful radio-frequency carrier waves. Connected ini o 
this system is a modulator. 

A. THE o-m TRANSMITTER 



Micro, ->hono Speech Amplifier Modulator 
AUDIO - FREQUENCY SECTION 


B THE f-m TRANSMITTER 

AUDIO - FREQUENCY \ RADIO -FREQUENCY SEC TION 
SECTION j 

Speech r-f Oscillator Several r f Doubler Fmof Power 
Microphone Amplifier ( Modulated ) Amplifiers Amplifier 

D— 

NEW NEW NEW 

Fig. 515 . Use these block diagrams to compare the amplitude-modulated (a-m) 
and the frequency-modulated (f-m) transmitters. Note the new circuits in the 
f-m transmitter. 

The microphone converts the energy in sound waves into cur- 
rents of varying strength. These currents are amplified in the 
speech amplifier and are fed to the modulator circuit, which con- 
1 rols the amplitude of the radio-frequency output of the transmitter 
so that the modulated carrier wave corresponds to the sounds 
coining into the microphone. This carrier wave in the antenna 
sends a wave through space to your receiver. 
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Note carefully that the amplitude-modulation transmitter pro- 
duces a radio-frequency carrier wave which has no change in fre- 
quency but which has a constantly changing amplitude that follows 
the amplitude of the sound waves entering the microphone. 

Examine the frequency -modulation transmitter. Now contrast 
the block diagram of the frequency-modulation transmitter in 
Fig. 515 with the one you have just studied. Here you find the 
microphone, the speech amplifier, and the modulator doing exactly 
the same job as in the amplitude-modulation transmitter. But 
when the output of the modulator reaches the radio-frequency 
oscillator, a new phenomenon occurs. The oscillator in the ampli- 
tude-modulation transmitter produced a carrier wave with steady 
amplitude at a fixed frequency. But here the modulator changes 
the output frequency of the radio-frequency oscillator. These 
frequency changes follow the sound entering the microphone. 

The modulated output of the oscillator is now fed into several 
radio-frequency doublers, where the radio frequency of the oscil- 
lator is quadrupled. This is done for several reasons, one of which 
is to produce a final output frequency in the antenna somewhere 
in the new frequency range assigned to the frequency-modulation 
transmitter. It also allows a low frequency to be used in the 
radio-frequency oscillator. It is not necessary to vary the fre- 
quency of the oscillator over too great a range, because each 
doubler circuit will double the frequency swing, and enough 
doublers or quadruplets may be added to give the required fre- 
quency swing in the output circuit. 

Two new results occur when the speech currents from the modu- 
lator reach the radio-frequency oscillator in the frequency-modu- 
lation transmitter: (1) the loudness of the sounds controls the 
radio-frequency swings away from the fixed oscillator frequency 
(this is called frequency deviation); (4) the pitch of the sound at 
the microphone controls the rate at which the frequency deviation 
occurs. 

Compare the frequency-modulation and the amplitude-modu- 
lation receivers. Examine the block diagrams in Fig. 516. Both 
receivers, you will note, use the superheterodyne principle. Both 
have a radio-frequency mixer, a high-frequency oscillator, and a 
radio-frequency amplifier. But the frequency-modulation receiver 
uses a broadly tuned radio-frequency amplifier, while the radio- 
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frequency amplifier in the amplitude-modulation system is sharply 
tuned. The wide-band amplifier is needed because of the wide 
frequency band (200 kilocycles) used by the frequency-modulation 
system. The narrow-band intermediate-frequency amplifiei is 
possible in the amplitude-modulation system because it uses a 
frequency band of only 10 kilocycles. 

The limiters shown in the next two blocks are new circuits. 
They arc low-gain amplifiers whose purpose is to prevent any 
change in the amplitude of the received signal, such as surges 
caused by static or other interfering signals. 


w 

Radio -frequency Mixer Limiter Discriminator Audio SpeoAc 

Amplifier Amplifier Amplifier 



Oscillator 

Fig. 516. Here are the different unit circuits of the frequency-mod lilaiet I 
receiver. Note that there are two new units, the limiter and the discriminator , or 
detector . 

The second detector in the amplitude-modulation system is 
replaced in the frequency-modulation circuit by a specialized 
detector called a discriminator . The diseriminator’s job is to eon- 
vert radio-frequency deviations produced by the audio modulator 
at the transmitter back to audio currents in the receiver’s output 
circuit which can be amplified and fed to the speakers. This will 
then produce high-fidelity sound. 

Now let us go on to a more detailed study of the frequency- 
modulation transmitter and see how it produces these frequency 
variations. A complete and detailed explanation of this system is 
beyond the scope of this text, but the explanation given here will 
give you a general understanding on which to build a later tech- 
nical study of this rather complex procedure. 

A description of a simple demonstration transmitter may help 
to explain further the difference between a frequency-modulated 
wave and an amplitude-modulated wave. You can couple a con- 
denser microphone to the Hartley oscillator and have a simple 
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frequency-modulated transmitter which will illustrate the fre- 
quency-mod ulated-transmitter principle. This is done by con- 
necting the microphone in parallel across the plate tank coil or 
condenser (see Fig. 517). 

How a Simple Frequency-modulated Transmitter Works 

The Hartley oscillator sets up a radio-frequency oscillation of 
steady frequency and of uniform amplitude. 

Action of the Microphone. When you speak into the micro- 
phone, your voice sets up sound waves that consist of compressed 
regions and rarefied regions of air pressure which move the micro- 
phone diaphragm. A compressed region moves the diaphragm 


HARTLFY OSCILLATOR 



Fio. 517. Connect a condenser microphone to an oscillator circuit and you have 
a simple frequency-modulated oscillator. 


inward. The rarefied region moves the diaphragm outward. As 
the diaphragm moves, the capacity of the condenser microphone 
changes. When the diaphragm moves inward and the space 
between the plates becomes less, the capacity of the microphone 
increases; when the motion of the diaphragm is outward, the 
capacity decreases. 

Effect on the Radio-frequency Wave. The tiny motions of the 
diaphragm of the condenser microphone affect the frequency of 
the tank circuit just as if the tuning condenser rotor were turned. 

When the condenser capacity increases, the frequency of the 
tank circuit is lowered. When the condenser capacity decreases, 
the frequency is raised. 

Therefore, when you speak into the microphone, the different 
rates of vibration of your voice cause corresponding changes in the 
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frequency of the radio-frequency wave set up in the oscillator. 
This is frequency modulation. 

The amplitude, or strength, of the radio-frequency waxes 
remains the same. 

How a Loud Sound Affects Modulation . When you speak loudly, 
the compressed and rarefied waves are more intense, and they cause 
the diaphragm to move a greater distance than does a soft sound. 

The increased motion of the diaphragm cause- the frequency 
of the oscillator to increase and decrease more than when a soft 
sound enters the microphone. Loudness affects the timing, or fre- 
quency, and not the amplitude, or strength, of the radio-frequency 
waves as in amplitude modulation. 

The actual modulator circuits used in practice are much more 
complicated than the one shown here. 

Questions 

1. Compare the carrier waves for amplitude modulation and frequency modu- 
lation under the following conditions: 

a . A loud sound 

b . A soft sound 

c. A high-pitched sound 

d. A low-pitched sound 

2. Explain why static does not affect the reception of frequency modulation. 

3. Why is frequency modulation not released over the regular broadcast hands? 

4. Make a list of ways in which the frequency modulation sets differ in con- 
struction from amplitude modulation sets. 

6. Make a list of circuits and parts which are found in both amplitude-modu- 
lation and frequency-modulation sets. 

The limiter circuit. An important feature of the frequency- 
modulation receiver is the no-static part of the circuit. Especially 
in the city, where there are many causes of interference, does this 
feature offer a great improvement over the amplitude-modulation 
receivers. You can listen to your favorite morning news broad- 
cast without having the annoying growls of the neighbor’s electric 
razor or the hum of a mixer stirring waffles interfere with the news. 

Sign flashers, motor-commutation noise, ignition noise from pass- 
ing cars, the pop when a switch is thrown — all of these annoyances 
and the crackle and roar of atmospheric static are eliminated by 
the limiter circuit. A limiter may be likened to a dam which 
holds back sudden increases of water from storms. The flow of 
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water from the dam can be controlled, and its outflow can be 
regulated to any desired amount. 

The limiter circuit, shown in Fig. 51K, is a form of radio-fre- 
quency amplifier. It takes the place of the intermediate-frequency 
amplifier in the standard amplitude-modulation superheterodyne 
circuit. The new features of the limiter circuit are its low plate 
voltage and the grid-condenser grid-leak bias which allows the 
tube to saturate so that voltage peaks on the grid make no corre- 
sponding peaks in the plate current. 

You may recall that the output of the frequency-modulated 
transmitter was of uniform amplitude. The sudden peaks in the 
received wave caused by static and atmospherics would normally 
pass through the circuits of the frequency-modulation receiver if 


Intermediate - frequency U MITER Special Discriminator 

Amplifier Unit Unit for Frequency Modulation 



Fkj. 518. This is a circuit of the limiter that removes the noise and static surges 
from the modulated carrier wave. 


these peaks were not leveled in the two limiter circuits of the 
frequency-modulation receiver. 

How the limiter operates. Since the plate voltage is low (about 
75 volts) the tube will easily saturate when a strong signal is on 
the grid. 

The bias on the grid is obtained from the grid condenser and 
grid leak. If the signal from the station being heard is strong 
enough to saturate the limiter, it increases the voltage on the 
grid to a point where the tube has its greatest amplification. 
(The gain of a tube is limited, that is, the amplification is greatest 
at a certain predetermined grid-plate voltage.) But the grid- 
bias voltage of the limiter varies with the strength of the signal 
being received, so that a strong signal automatically levels itself 
in the output of a limiter down to the strength of a weaker signal. 
Bursts of static are also limited down to the volume of the signal 
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being received. Your ear cannot detect them in the radio program 
because of their short duration. If the signal is too weak to 
saturate the limiter, static will be heard. 

Two limiters are needed to give perfect limiting. As a rule, 
a tube is selected for the second limiter which requires that a 
higher voltage be developed on its grid before it reaches its highest 
amplification point. 

The purpose of the discriminator. The limiter delivers a radio 
frequency of uniform amplitude to the discriminator. But the 
frequency is varying, or changing, at the rate of the sound waves 
that produce the frequency modulation in the frequency-modula- 
tion transmitter. (The frequency deviation.) The discriminator 
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Flo. 519. This is the discriminator circuit. This circuit docs the same joh in 
the frequency -modulated receiver that the detector does in the amplitude- 
modulated rereiver. 


must use these frequency variations in some way to get alternating 
voltages which can be applied to the audio amplifier so that sounds 
will be produced by the loudspeaker. Note that the discriminator, 
which is the second detector of the frequency-modulation super- 
heterodyne receiver, operates on quite a different principle from 
that used by a standard amplitude-modulation superheterodyne 
receiver. Where the ordinary receiver deals with changes in ampli- 
tude, the frequency-modulation receiver operates on changes in 
frequency. 

Description of the discriminator circuit. At first glance, the 
new circuit shown in Fig. 519 looks like the full-wave rectifier 
circuit which you studied in Chapter 14, “Power Supplies.” Like 
the power supply, the discriminator uses a transformer which 
supplies power to the circuit. It has two rectifier tubes (either a 
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double diode or two diodes in one envelope). It also has the 
center tap to the transformer secondary. 

However, this circuit has several new features. The input trans- 
former is especially designed for the frequency-modulation circuit. 
Both primary and secondary are tuned with trimmer condensers. 
Both coils are closely coupled and are designed to tune over a wide 
band of frequencies instead of tuning sharply to a narrow band, 
as in the standard amplitude-modulation intermediate-frequency 
transformers. Note also the addition of a coupling condenser from 
the {date end of the primary to the center tap of the secondary. 

There is a load resistor connected to the cathode of each diode 
tube, and there is a by-pass condenser across each resistor. The 
output of the discriminator is taken off at the ends of the two 
resistors marked A and B . 

How the discriminator is lined up. The discriminator is lined 
up while receiving an unmodulated wave. The intermediate-fre- 
quency trimmer condensers are tuned so that a meter attached 
across points A and B on the output resistors will indicate zero. 
The radio-frequency carrier, which reaches the tuned discriminator 
circuit, both by induction and by capacity, sets up electron surges 
in the tuned secondary circuit. These surges make the plate of 
tube 1 positive, and one-half cycle later make the plate of tube 9 
positive. This causes electrons to flow through each tube as shown 
by the arrows in Fig. 519. 

The electrons flowing through tube 1 for one-half cycle flow 
through Ri from 0 toward A and on through the tube. During 
the next half cycle, the electrons flow from 0 toward B and on 
through tube 9. Point 0 is negative because electrons are flowing 
to 0 through the return wire. Points A and B are positive because 
the electrons are pulled from A and B by the electronic surges in 
the tuned circuit. 

No sound will be heard from the loudspeaker, because the volt- 
ages between points AO and BO are equal and opposite and make 
no voltage changes on the grid of the audio-amplifier tube. 

How sound is produced by the action of the discriminator. 
Sound will be heard from the loudspeaker only when the voltage 
on the grid of the audio-amplifier tube is changing in strength. 
To get voltage changes across the two load resistors Ri and R 2 , 
it is necessary that more electrons flow through one or the other 
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of the two tubes. This will force electrons on or off the amplifier- 
tube grid, and sound will be produced. 

How frequency changes produce unbalanced voltages a 
mechanical analogy. The combined electrical effect of the cou- 
pling condenser and the discriminator transformer is similar to the 
action of a center-tap connection if you could move it from one 



Fig. 520. Study this imaginary circuit to understand the action of the diserinu 
nator. Imagine the tap to he movable with the frequency deviation. 



tube % and through resistor /? 2 . 


side of the center of the coupling coil to the other (see Fig. 520). 
With the moving tap at the center of the coil at 0, the electronic 
flow through each tube would be equal, and the same voltage 
would be set up in each half of the coil during each half cycle if 
the radio frequency were kept constant. 

But when you moved the tap toward C, as in Fig. 521, there 
would be a greater voltage through the part of the coil on side D, 
which would now include more turns. This would produce a 
greater electronic flow through tube 2 and through resistor 2. 
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The voltage drop across 7?i and /f 2 would now be unbalanced and 
would pull electrons off the grid of the audio-amplifier tube. 

However, when you moved the center tap toward D (see Fig. 
522) conditions would change and the electronic flow would be 
greater through tube 1. More electrons would now flow through 
Ku and electrons would be pushed onto the grid of the audio tube. 
The changing voltage on its grid would produce sounds in the 
loudspeaker. 

If you could move the center tap at the proper rate, you could 
hear corresponding sounds from the speaker, because the differ- 
ences in voltage across Ri and 7? 2 would occur at the same rate 



as the sound entering the microphone at the transmitter. But it 
would be impossible for you to move a center tap at such a higli 
rate of speed (at radio frecpiency) by any mechanical device. The 
same effect is accomplished in this circuit electronically. 

While this analogy is not exactly what takes place, it is used 
here to bring out the thought of different potentials being devel- 
oped across a discriminator transformer as though the center tap 
actually moved. 

These results can be obtained electrically by the coupling unit 
of the discriminator, which follows closely in its action the explana- 
tion you have just studied and accomplishes the same result. Its 
action is based on the leading effect of a condenser and the lagging 
effect of a coil, which are already familiar to you, to produce an 
action similar to that which you have just studied. The effect of 
the coil and of the condenser as they swing in and out* of phase is 
the same as a sliding center tap on the coil. 
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Questions 

1. Explain how the limiter prevents static. 

2. Why are the coils in the intermediate-frequency transformers not designed 
to tune sharply? 

Technical Terms 

a-m— Amplitude modulation. 

discriminator — The second detector in the frequency-modulation r reiver, 
f-m — Frequency modulation. 

limiter — A circuit which acts to limit or eliminate the voltage surges which cause 
staticlike sounds in the receiver. 
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What Are Diodes and Transistors? 

The point-contact diode and the transistor are two late develop- 
ments in electronics that have conic about as the result of research 
into the new field of solid-state physics. Solid-state physics has 
to do with the study of solid materials. 

The discovery of the principles on which the transistor depends 
for its operation was made in 1948 by three scientists employed 
by the Bell Telephone Laboratories. They were l)r. Walter H. 
Brat tain, l)r. John Bardeen, and Dr. William Shockley. These 
men were awarded the Nobel prize in physics for their discovery. 

When you examine a point-contact diode, you will find that it is 
a tiny glass tube with two connection pigtails. The transistor is 
a capsule-like container with three connection wires. Any radio 
supply house will show you many different forms of both diodes 
and transistors. 

Actually the diode is nothing but a tiny slab of germanium or 
of silicon with two connections to it. The transistor is a tiny bar 
or slab of germanium with three connections to it. 

Both germanium and silicon have long been known to chemists 
and to metallurgists. The unusual electronic advantages of ger- 
manium and of silicon were discovered through a study of their 
crystalline and their atomic structures. Methods were also dis- 
covered by which both germanium and silicon could be supplied 
in nearly 100 per cent pure state. The point -contact diode and 
the transistor were developed as a result of these discoveries. 

How Are Diodes and Transistors Made? 

The point-contact crystal diode is a tiny square of germanium 
or silicon against which contact is made by the sharpened point 
of an S-shaped spring. The spring wire is a few thousandths of 
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an inch in diameter. The germanium and spring contact are 
sealed into a tiny glass enclosure about i inch in diameter and 
about inch long (see Fig. 543). 

Transistors are somewhat larger, possibly ] inch long. One 
type has a tiny germanium bar to which is welded two support 
wires (see Fig. 524). A third wire is welded to the center of the 
bar. The support wires are brought through the base as are tube 
pins to make contact with the circuit or with a liny socket. A 
cover seals the unit. 

The very small size and the light weight are two important 
advantages of both the diode and the transistor. 


Germanium - 



— 0 — 

Symbol for 
diode 

Fig. .> 28. The construction of one type of diode. 

How Are Diodes and Transistors Used? 

Diodes and transistors may, in many cases, be substituted for 
two- and three-element vacuum tubes in radio and electronic cir- 
cuits. They are used in receiving circuits where small size is 
important, as in portable equipment, in vest-pocket receivers, and 
in paging systems. They may be used in low-power oscillators. 
They are used in test instruments where a small, compact rectifier 
is needed, as in rectifier voltmeters. Silicon diodes, which operate 
at much higher temperatures than germanium diodes, are used 
in power supplies, thus permitting great reduction in size and 
weight. 

Guidance and firing mechanisms in rockets, missiles, and other 
air-borne equipment make extensive use of transistors and diodes. 
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Protective cover 




NPN symbol PNP symbol 

Fig. 524. The construction of one type of transistor. Note the symbols for 
the PNP and for the NPN types of transistors. 




DIODES AND TRANSISTORS 


631 


Bombers and interceptors carry literally tons of radio and radar 
equipment for use in fire control, search, and communication. 
They also use electronic navigational equipment, radar altimeters, 
auto pilots, and so on. The weight of this electronic equipment is 
reduced from tons to a few hundred pounds by using transistors 
and diodes. The fact that neither the diode nor the transistor 



Fig. 525. The arrangement of electrons in the different rings of a copper atom 
(2-8-18- 1). 


has a filament eliminates the need for heavy filament transformers 
and high-voltage power supplies. The transistor operates on low 
voltages. 

Electronic computers used in research often contained thousands 
of vacuum tubes. The heat from the filaments required air con- 
ditioning to keep temperatures under control in the room where a 
unit was installed. By using transistors and diodes, much of this 
expensive air-conditioning equipment has been eliminated because 
neither transistor nor diode produces heat in its operation unless 
sizable amounts of power are used. 
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Diodes — Why They Work 

While both germanium and silicon are used in diodes, we shall 
use germanium to explain their operation. Let us start by exam- 
ining the nature of the semiconductor, germanium. A chemist will 
tell you that germanium has characteristics of both metals and 
nonmetals. But what arc metals and nonmetals as the chemist 
sees them? 

What Are Metals and Nonmetals? 

A metal is generally a conductor of electricity. Its outer ring 
or energy level is les. s* than half filled with electrons (see Fig. 525.) 

It is a donor or lender of elec- 
trons because metals have elec- 
trons available in their outer 
ring that are loosely held to the 
nucleus. For this reason they 
are known as conductors . Some 
examples of metals that are good 
conductors arc silver, copper, 
and aluminum. 

A nonmetal is generally a poor 
conductor or an insulator. Its 
outer ring is more than half filled 
with electrons (see Fig. 52(>). 
The electrons in the outer ring 
are tightly bound to the nucleus. 
The nonmetal is an acceptor or borrower of electrons. Thus it is a 
poor conductor. Some examples of nonmetals are sulfur, chlorine, 
and iodine. 

What Are Semiconductors? 

The element germanium, halfway between the metals and the 
nonmetals, has its outer ring of electrons exactly half filled (see 
Fig. 527). Under proper conditions it can be made to behave 
like a metal. Under other conditions it behaves like a nonmetal. 
This means that germanium can be made to borrow electrons or 
it can be made to lend electrons. In each case it is a rather poor 
conductor of electricity, so it is known as a semiconductor . 



Fig. 5 v 2(i. The arrangement of elee- 
t rolls in the different rings of a sulfur 
atom (£-8 (>). 
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Lending and Borrowing Electrons 

Traces of other materials, added to germanium while in a melted 
state, can create desirable electronic characteristics in the ger- 
manium. When doped with traces of arsenic or of antimony, t he 
germanium acts like a metal. It becomes an electron lender and 
is called A T type. 



Fig. 527. The arrangement of electrons in the different rings of a semiconductor 
germanium atom (2-8 18 4). 


When traces of gallium or of indium are used to dope the ger- 
manium melt, the germanium takes on the characteristics of a non- 
metal. The germanium now becomes an electron borrower and is 
called P type. 

Valence the Bond between Atoms 

Although science has no pictorial answer to the question of val- 
ence, yet an accepted theory describes valence electrons as one of 
the “atomic glues” that hold atoms of any given material in their 
fixed position in the material. The word valence is the term used 





DIODES AND TRANSISTORS 


685 


explanation? Both can be explained by describing the process of 
doping or adding traces of impurities to the highly purified ger- 
manium to produce either the lMype or the N-type semiconductor. 

Suppose that an atom of arsenic is added to the melted ger- 
manium. The arsenic atom has five sharing electrons. Four of 
these sharing electrons reach out and join with one electron from 



/ \ / \ 


Fig. 529. When traces of arsenic (As) are added to highly purified germanium 
(Go), eight \alenec electron bonds are formed. One electron, however, remains 
unjoined. 

each surrounding germanium atom to form the desired group of 
eight sharing or valence electrons (see Fig. 529). 

But one sharing electron from the arsenic atom is left unattached. 
There is no sharing germanium electron left with which it can join 
(see Fig. 529). This extra electron is held loosely enough so that 
it may be pushed off the arsenic atom by an external voltage to 
become a wandering or mobile electron. These mobile electrons 
form the current that drifts through the N-type germanium. 

Holes are formed when the germanium melt is doped with traces 
of gallium or indium. Both gallium and indium have only three 
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electrons in their outer rings. When the three valence electrons 
of the gallium reach out to join with the valence electrons of sur- 
rounding germanium atoms, three pairs of electron bonds are 
formed (see Fig. 530). 



Fi<i. 530. AYhcu truces of gallium ((ia) art* added to the germanium, it heroines 
P type. Here the gallium, with only three valence electrons, needs an electron 
to complete its valence group of eight electrons. 

The gallium atom robs one valence electron from a nearby ger- 
manium atom. The gallium atom can now share the borrowed 
electron with another germanium atom to build up the complete 
set of eight valence electrons (see Fig. 531). But the germanium 
atom from which the electron was borrowed is short one electron. 
The space for the missing electron is called a hole (see Fig. 531). 
The germanium is called P type or positive . It becomes an electron 
borrower. 

The electrons and holes are said to “travel” or to migrate 
through the germanium. This effect is often called electron 
diffusion through the material. 
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Fig. 531. Although 
these atoms look as if 
they are in a flat plane, 
they actually are part 
of a complex lattice 
formation. Atom A, 
from which the gallium 
atom borrowed an 
electron, is nearby in 
the lattice with its 
three remaining elec- 
trons paired with near- 
by atoms in the lattice. 
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The Operation of a Crystal Diode Rectifier 


Let us now examine 



Fig. 532. Part of this ger- 
manium diode has been 


a piece of germanium doped so that one 
part is P type and the other part is N type 
(see Fig. 53%). This forms a junction or 
two-element rectifier. Let us see how it 
acts when a battery is connected to it as 
in Fig. 533. 


doped to form P-type 

material. The rest of the The Atoms Become Ions 


We have learned how impurities added 
to germanium formed either donor or ac- 
ceptor material. Let us examine an atom 
of N-type material. When the arsenic impurity atom was added, 
four of its five electrons formed valence bond pairs with nearby 
germanium atoms. The fifth electron became a free electron, mov- 
ing about among the atoms of the germanium. The arsenic atom 
has become a positive ion by losing one electron. This germanium 
is the N type or a donor material because of the free electron. 

Likewise, when the impurity was a gallium atom with three 
electrons, the gallium atom robbed one electron from a nearby 
germanium atom to form its four valence bond pairs. The gallium 
atom, now with a fourth electron, has become a negative ion because 
of the fourth electron. This germanium is the P type or acceptor 
material. 


semiconductor has been 
doped to form N-type 
material. 


The Junction Is an Electron Barrier 

From our past study of electrons we would expect the free elec- 
trons in the N-type germanium to rush across the junction to fill 
the hole spaces in the P-type germanium. Electrons near the 
junction are repelled by the negatively charged ions in the P-type 
material, so no current flows across the junction. This repelling 
force is sometimes called a “potential hill,” a repelling voltage. 

The Need for an Operating Bias 

While either heat or light could be used to add enough energy 
to force the electrons to cross the junction barrier, it is more com- 
mon to use a bias battery to add the needed energy. Let us see 
what effect the battery has on diode operation. 
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How Does the Diode Operate? 

In Fig. 533, a bias battery has been connected across the ends 
of the diode. When the voltage of the batten is higher than the 
repelling force of the negative ions in the I*- type germanium, elec- 
trons can cross the junction and a current will flow. This is 
called a forward current. 



Fig 533. When the batten \oltage 
is great enough to o\er<oine the repel 
ling force of negatne ions in I*t\pe 
material, elections can cross junction 


P N 

© © 
_© © 
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Fig 534 Now, with the batten re 
'versed, electrons aie drawn aw«n lrom 
the junc turn so that none cross and no 
current flows. 



But when the battery is reversed, as in Fig. 534, no current will 
flow. The free electrons in the donor material are drawn away 
from the junction by the battery. With no free electrons to carry 
the current, no current will flow across the junction. This is the 
rectifying action of the germanium diode. 

How Does the Transistor Operate? 

While there are several ways to explain the operation of the 
transistor, one way that is easy to understand compares its opera- 
tion to the operation of a triode vacuum tube. Because you 
already understand this, it is a good starting point. The funda- 
mental differences in the operation of the two devices will be 
explained as we go along. 

Both the transistor and the vacuum tube have three elements. 
In the vacuum tube these elements are the cathode that supplies 
the electrons; the plate that attracts and collects the electrons 
from the cathode; and the grid, which is placed between the calh- 
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ode and the plate where it can control the stream of electrons 
(see Fig. 585). 



Fit;. 535. The grid, placed between the cathode and the plate, can easily control 
the How of electrons on their way to the plate. 


The transistor also has three elements. As drawn in Fig. 536, 
one element is the emitter. In this case it is N-tvpe germanium. 
Here it corresnonds to the cathode in the vacuum tube. Then 


Emitter Bose Collector 
P 



about 1 volt 

Fig. 536. This germanium has been 
doped to produce an N section called 
the emitter , a very thin P section called 
the base, and another N section called 
the collector. 


there is a very thin section of 
P-type germanium called the 
base that corresponds to the 
grid. Finally at the other end 
of the bar there is another sec- 
tion of N-type germanium called 
the collector . 

The transistor can also be 
made with its ends P-type ger- 
manium and the center N-type. 
This type is called a PNP-type 
transistor. The one drawn in 
Fig. 536 is an NPN-type. 

A fundamental circuit for this 
transistor, shown in Fig. 536, 


has a bias battery of about one volt, connected between the emitter 


and the base. The bias battery causes a weak but steady flow of 


electrons through the emitter into the P-type base region. The 


battery connected between the base and the collector may be about 


10 volts. Little current flows in this collector circuit because it is 
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trying to flow in a backward direction from the P-typc base to the 
collector. 


Electron Diffusion through the Transistor 

Electrons flow easily through the emitter and diffuse into the 
base. Since this current flow is in the forward direction, there is 
relatively little resistance to its flow. Because the base region is 
very thin, most electrons will diffuse on into the collector without 
being captured by the holes in the base. 


How the Base Controls the Electron Drift 

Suppose we connect the transistor into some circuit such as a 
simple receiver as shown in Fig. 5S7. >\e might bring the wires 

from the tuning circuit of the 



receiver to the points marked 
“x-x.” The electron surges 
through this circuit will now 
drive electrons onto the base at 
one instant and it will pull them 
off the base at the next instant. 

When the base is thus made 
more positive, it will attract 
more electrons from the emitter. 

The current from the emitter to 
the collector will then increase 
because more electrons will be 
available to diffuse into the collector. 

But when the base is made less positive, fewer electrons will 
flow through the transistor because the electrons on the base will 
repel those in the emitter. So we see how the base region acts like 
the grid in the vacuum tube to control the flow of electrons through 
the transistor. 


Fk». .>87. Here tin* transistor is con- 
nect r<l to an antenna tuner and a 
tuning capacitor. 


Transistor Amplification 

The effect of a very small supply of electrons on the base con- 
trolling a large flow of electrons through the emitter-to-collector 
circuit is called amplification . The base thus acts like a traffic 
cop, at one instant hurrying the electrons through the transistor 
and at the next instant reducing or stopping the flow. The traffic 
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cop, in this case, is acting on the directions of the outside circuit, 
using the electrons it supplies as his traffic baton to move or to 
stop the flow of electron traffic. 

Transistors and Diodes in Practical Circuits 

Now that you have studied the action of the diode and of the 
transistor, it will be interesting to try them out in several circuits. 



To give you a comparison of how they simplify circuits that you 
used earlier in this book, you may replace the crystal detector and 
the triode tube with the diode or with a transistor. 


Build a Diode Circuit Board 


Cut a piece of 


i -in. 


X 3-in. X 5-in. plastic or Masonite for the 
base. Drill holes for j/^-in. 
flat head screws as shown in 
Fig. 539. Attach two double 
Fahnestock clips and two sin- 
gle clips as shown. Counter- 
sink the holes on the back of 
the baseboard so that the 
flat head screws will be a little 
below the surface of the base- 
Solder connecting wires as shown in Fig. 538. 



Fig. 539. Countersink the hole from the 
hack of the ha.se so the flathead serein head 
will he hclow the surface of the hoard. 


board. 


How to Wire and Operate It 

Connect the antenna and ground wires to the diode circuit 
board as shown in Figs. 540 and 541. Attach earphones to the 
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Antenna 



Fig. 540. Conned the antenna, ground, and earphones as shown here. Then 
connect the diode. Compare* this hookup with that in Fig. 10(5. 


double Fahnestock connectors. Clip the 
connection wires of the crystal diode to 
the two single Fahnestock connectors and 
your set is in operation. You will hear 
some station when you listen in the 
earphones. 

Note the ease of operating this sim- 
ple circuit. There is no difficulty in 
finding a sensitive spot on the crystal. 
This is done by the manufacturer. There 
is no cat whisker to jar off the sensitive 
position. There is no variation of vol- 
ume caused by poor contact as there was 
with the earlier cat whisker. 



Fig. 541. Compare this 
schematic diagram with 
the diagram in Fig. 107. 
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Other Experiments to Try 

You can add a slide tuner as in Figs. 154 and 155 or you can 
add an antenna coil and tuning condenser as in Figs. 156 and 157 
to see how the crystal diode detector compares with the one-tube 




Fig. 543. The schematic diagram for a tuned diode receiver. 
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circuit you used in Chapter 11, “Resonance and Tuning.” The 
layout for a small circuit board and the schematic diagram for a 
crystal detector set are shown in Figs. 542 and 543. ' 

This is the same circuit you used in Fig. 157 but with a crystal 
diode replacing the tube. A loopstick has been substituted for 
the antenna coil. You may use either a standard size or a minia- 
ture tuning condenser to keep the board size small. The values 
of the condensers are given on the circuit diagrams. 



Fig. 545. The schematic diagram for a diode-transistor receiver. 


Build and Wire a Diode -Transistor Set 

Build this set on a £-in. X 3-in. X (>-in. baseboard. Mount the 
loopstick, the condenser, the transistor socket, and the clips as 
shown in Fig. 544. If you prefer, you may use a standard replace- 
ment antenna coil for the loopstick. Note that this board layout 
has no soldered connections to the diode or to the transistor. The 
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diode may be connected to the dips. The transistor is plugged 
into the socket. 

Soldering caution. Since heat will injure or destroy both the 
diode and the transistor, you must take certain precautions if you 
decide to solder either into the circuit. The manufacturers recom- 
mend the use of a heat sink when soldering. This means that you 
should grasp the connection wire for the diode with needle-nose 
pliers as you solder the connection (see Fig. 546). The pliers, held 



Fig. 546. Grip tin* pigtail wire with pliers so that heat from the soldering iron 
will be absorbed by the pliers instead of reaching the diode. 

next to the diode, absorb the heat in the wire so that it does not 
reach the diode. l)o the same when soldering to the transistor 
lead wires. Some constructors place a wet rag around the diode 
or the transistor to absorb or “sink” the heat. 

How to Operate the Diode -Transistor Set 

Attach the antenna and ground to the set. Attach the ear- 
phones. When you place the two Penlit'e cells in their clips, the 
set is in operation. Be sure to remove the batteries when you are 
through with this experiment. 

How to Build and Wire a Two -transistor Set 

Build this set on a |-in. X 3-in. X 6-in. baseboard (see Figs. 547 
and 548). Mount the tuning condenser, the loops tick, the transis- 
tor sockets, the volume control, and the coupling transformer as 
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shown in Fig. 547. You may use a switch for the batteries'^ you 
may slip the batteries in clips to turn on the set. 

Add the necessary clips for antenna and ground connections and 
for the earphones. 



Fig. 548. The schematic diagram for a two-transistor receiver. 


How to Operate the Set 

Simply turn on the switch or clip in the batteries and this set is 
in operation. You will like the two-transistor set because of the 
long life of the batteries and the lifelike quality of the voice and 


music. 



CHAPTER 27 


LOOKING AHEAD IN RADIO 


Your new radio knowledge derived from your experience in 
operating the radio circuits described in this text will have many 
uses. Now it is time to learn about the different ways in 
which these radio principles and circuits are at work in industry, 
in business, and in science. Learn, too, about some of the things 
that radio may be doing in the future. It is time to think about 
finding a place in which to use your new radio knowledge. 

During wartime you read of the marvelous things done with 
radar, with the night- vision scope, with the walkie-talkie, and with 
dozens of other pieces of specialized equipment. You have prob- 
ably read about the development of uranium and atomic research 
or about the atomic-fission processes. 

The list of radio applications is literally endless. You are 
amazed at the immense scope of the applications reported in radio 
or electronics magazines. You read about radio circuits used for 
sorting beans. You find radio equipment replacing the navigator 
and steering a ship through darkness or fog with unerring accuracy. 
You find it measuring the thickness of materials as they issue from 
machines at express-train speeds. Your doctor uses heat gener- 
ated by radio diathermy to bake soreness out of your muscles. A 
radio circuit stops the carriage in a sawmill before a hidden spike 
grown into the log can wreck the whining saw. 

You can talk from a speeding train to your family or to your 
business a thousand miles away. You can literally talk to any 
place in the world which has radio or telephone equipment. A 
radio link operating automatically and with only routine care 
bridges the gap in a telephone line destroyed by storm or accident. 
These few uses hint at the many ways in which radio is used and 
at some of the directions in which its development is going. 

Perhaps their complexity makes these developments seem mys- 
terious and beyond your understanding. Yet when you examine 
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their circuits, you find that most of them use the simple basic 
electrical and radio facts which you have studied. You recognize 
in them some application of the principles of magnetism, of cur- 
rent and voltage, of the vacuum tube, and of radio frequencies in 
different circuit arrangements. 

Each of the thousands of vacuum tubes and circuits used in the 
electronic calculator is simply an adaptation of a basic vacuum- 
tube circuit which you have studied and used in the experiments 
described in this book. In the radar system which brings a plane 
to a safe landing on a foggy field you find familiar circuits. The 
klystron tube and the magnetron you recognize as advanced devel- 
opments of the vacuum-tube principle. Vou will, of course, need 
much more training in each of these fields before you are capable 
of taking your place in them. 

Now examine radio broadcasting, one of the more common fields 
of radio, to discover the opportunities it holds for you, a new 
radioman. 

The Standard Radio -broadcasting Industry 

You will be interested in three phases of the radio-broadcasting 
industry : design and manufacturing, the broadcasting station, and 
radio-receiver maintenance. 

Your home radio receiver is the product of a series of radio 
occupations which start with the design process. Its circuits were 
designed and tested by radio engineers. Then, during manufac- 
ture, many unskilled and semiskilled people form the different parts 
and assemble and wire them into a complete radio set. The set 
is tested by trained radio technicians before it is packaged and 
shipped. 

Opportunities in radio engineering require four to five years of 
highly technical study in college. Manufacturing jobs arc done 
by women and by machine operators who need little or no radio 
training. The technicians who test the finished sets must be well- 
trained radiomen. 

Broadcast stations are adjusted and maintained by operators 
who must be thoroughly trained and who must pass a stiff tech- 
nical examination to earn their Federal operator’s license. They 
must have considerable technical experience with different types 
of equipment. 
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Radio servicing can be learned in several months of vocational 
training. While there is an oversupply of poorly trained service- 
men, there are always openings for competent, fast workers. 

Broadcasting Today 

Broadcasting today is facing many technical problems. One of 
these is the problem of frequency allocations. Broadcasting sta- 
tions now operate somewhere within a band of frequencies about 
1000 kilocycles wide, from 550 to 1500 kilocycles. These frequen- 
cies are assigned by the Federal Communications Commission as 
part of an international-frequency agreement. Since radio signals 
from Europe, Africa, South America, and even from Australia 
reach your home and can be heard if your set will operate on the 
proper frequencies, the frequency allocations of one country affect 
reception in every country on the globe. International confer- 
ences, held at about 10-year intervals, consider new developments 
and make adjustments in the frequency allocations. 

The broadcast-station frequencies were originally chosen for use 
by relatively low powered stations serving local communities. 
Stations at a considerable distance apart, it was thought, could 
share the same frequency allocation without interfering with each 
other’s signals. A relatively few high-powered stations were also 
authorized. Yet on cold, clear nights, you have heard stations 
thousands of miles away as clearly as if they were in the next town. 

Because signals on the broadcast frequencies would, under the 
proper conditions, carry great distances, foreign countries have long 
been interested in these frequencies for communication purposes. 

The allocation problem is further complicated by the heavy 
demand for frequencies by new broadcasting stations, because the 
number of available channels has been exhausted. New stations 
must wait for released frequencies. 

Sometime in the future, most of the channels now used for 
broadcasting may be allocated for other use. Broadcasting will 
probably be moved up to the very high frequency bands where 
many more channels are available. Because stations operating in 
these frequencies have an effective range of 50 miles, well-separated 
stations can then share frequencies. This will make it possible for 
more stations to operate in the new broadcast frequencies. 

Such a frequency change will open many new opportunities for 
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trained radiomen. Factories in which the sets are designed and 
built will need workers. The radio stores from which your new 
set is purchased will need men for installation and servicing. 

Frequency-modulation Broadcasting 

Frequency modulation, with the possibility of high-fidelity music 
untroubled by noise and static, has been held back by tech- 
nical problems of program transmission and by the development 
of television. Yet the time will come when all sound is handled 
by frequency modulation as an important part of television 
entertainment. 

The absence of interference from static and noise as well as its 
other advantages have made frequency modulation popular for 
many industrial and commercial applications. 

Mobile Two-way Communication 

Frequency-modulation equipment is rapidly becoming standard 
for a host of mobile communication uses. Police were early users 
of frequency-modulation equipment because it gave positive and 
dependable two-way communication. The amplitude-modulation 
equipment which was first used had considerable interference from 
static and noise and was bothered by skip. Frequency modulation 
is now standard police equipment. 

This mobile police equipment has gone through four distinct 
stages of technical development. You may recall the first ampli- 
tude-modulated police radio equipment with its long whip anten- 
nas, operating on frequencies of 1000 to 2400 kilocycles. In the 
second stage the frequency was raised to a band between 30 and 
40 megacycles to improve the reliability of operation. Signals on 
these early amplitude-modulation sets were often blanked out when 
there was static and when the cars were near metal warehouses or 
in deep, canyonlike streets where reliable communication was 
urgently needed. 

Present police radio equipment, in its third stage, uses frequency- 
modulation circuits and operates on the 152- to 174-megacycle 
channel. You have noticed the tiny antennas on the present 
police cars and motorcycles. The increasing demand for frequen- 
cies by new services may force police radio into its fourth stage. 
The police channels may be changed to the 450- to 470-megacycle 
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band, or even higher. Skip and interference on these higher fre- 
quencies are greatly reduced or arc eliminated. 

Fire apparatus and fire chiefs’ cars now use cars equipped with 
frequency-modulation. According to experts, fires are fought suc- 
cessfully or the battle is lost in the first few minutes of the blaze. 
A chief at the scene of the fire can call extra equipment by radio 
and then direct the firemen at work on the blaze by means of 
loudspeakers. 

Less well known but equally valuable are the radio cars used by 
the sheriff and his staff. These men are responsible for law enforce- 
ment outside the cities, which are covered by the regular police 
force. 

The great utility of the police radio equipment showed the way 
to the road-maintenance divisions of state and county highway 
departments. Accidents which damage roads or bridges are 
reported by radio to maintenance headquarters, and the men 
and equipment are on hand in minimum time. Debris, wrecks, 
injured persons, washouts, collapsed or damaged bridges, all are 
quickly taken care of so that traffic can move again. 

Radio takes to the air to locate snowbound trucks and ears or, in 
times of flood, to locate stranded persons and to direct relief 
to them. 

The value of radio to business is dramatically shown by the 
adoption by taxicab companies of mobile frequency-modulation 
equipment. The cost of the whole installation is quickly paid off 
by the savings in mileage and repairs made possible because drivers 
can call the dispatcher to find their next fare without returning to 
their stand. The added profits are very attractive, according to 
companies using this equipment. 

Some taxicab companies put their calls on the air over a local 
frequency-modulation broadcasting station, operating on frequen- 
cies near those used for the regular frequency-modulation broadcasts. 

Frequency-modulated equipment is valuable for these different 
services because it is quiet in operation, speech is clear-cut, and 
the signals have uniform strength. These characteristics make 
important conversations easy to carry on. The fading found in 
amplitude-modulation reception is absent. 

Within its reliable operating range of about 50 miles, the volume 
of the signal is nearly constant. Beyond this range the signal is 



LOOKING AUEAD IN RADIO 


653 


often too weak to provide proper limiting action. When the signal 
from the transmitter is over a certain strength, the limiters main- 
tain the sound at constant volume and they also kill noise and 
static. Beyond this operating range, the weaker signal reduces the 
effectiveness of the limiters and some noise and fading are heard. 

How do these uses of frequency-modulation mobile equipment 
affect you? There are many opportunities opening up in this new 
field. Men are needed to install and to maintain this equipment. 
Screw-driver mechanics are too poorly informed technically for this 
kind of work. Thorough training and diagnosing skill arc needed. 
You have the basic training for this kin 1 of work. 

Television Sight Comes to Radio 

Television is a gold mine for radio dealers and for men who 
install and adjust the sets. While television goes through several 
years of development, while new ideas and new equipment are 
being introduced to the public, there will be many business oppor- 
tunities for you in television. 

Perhaps you will start by installing new sets, antennas, trans- 
mission lines, and answering calls to teach new set owners how to 
get good pictures. Later, you will do simple servicing, replacing 
parts under the watchful eye of an experienced serviceman as you 
learn the ropes. You will need further training to do adjustment 
and realignment as well as the more complicated servicing jobs. 
But what is the future in this field ? 

Television is still new enough to challenge the imagination. 
Color television is coming out of the research stages and soon will 
be broadcast to an increasing number of localities. Technical 
reports mention larger viewing screens for the home, the projec- 
tion tube, and large-screen projection for the theater. Special 
programs may become available through the facilities of the tele- 
phone company. If this development is adopted widely, you will 
be able to choose special programs that will be transmitted in 
part over the air and in part by a special connection to the regular 
telephone lines. 

Home television receivers seem to be following the trend of the 
amplitude-modulation radio sets which at first were expensive, 
large, and complicated. Radio cabinets became smaller, better 
circuits were developed, and better reception was had because of 
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the improved circuit design. In television the viewing tubes are 
growing in size. 

Television network problems. Radio networks such as the 
National Broadcasting System, the Columbia Broadcasting Sys- 
tem, and the Dumont System have made possible the widespread 
transmission of radio programs all over the country. Networks 
have made good radio programs widely available and have spread 
their cost. 

A nationwide network for television is desirable, but a system 
similar to that used for amplitude modulation is impractical. 
Amplitude-modulated radio programs distributed over networks 
from Radio City and other centers reach your local radio station 
over special long-lines telephone circuits. But the long lines are 
incapable of handling satisfactorily the very wide range of fre- 
quencies needed by the television programs. One satisfactory 
substitute seemed to be the coaxial cable. Yet this cable not 
only proved to be too expensive but introduced so much distor- 
tion into the program as to be impractical for television use over 
long distances. 

Television repeater stations. Fixed or air-borne repeater sta- 
tions seem to be the answer to the television-network problem. 
In each repeater station a very high frequency receiver picks up 
the signal and automatically feeds it to a transmitter which puts 
the strengthened signal back on the air. A difference of a few 
megacycles in frequency is used to prevent feedback. The tele- 
vision-network repeaters are spaced about 50 miles apart in flat 
country. In mountainous country the repeaters may be as much 
as 150 miles apart and still be in line of sight. 

Directive antennas build up the strength of the repeater signal 
and confine its radio wave into a beam to prevent interference 
with other services. By using only radio frequency, the losses 
caused by the repeater process are kept so low that distortion 
can only be measured by using many multipliers. This method 
promises practically distortionless television-network programs. 

Many competent construction and maintenance men will be 
needed to keep the repeater equipment in good operating condi- 
tion. You can get some idea of the need for operators when you 
count up the number of repeaters in a single 3000-mile coast-to- 
coast line of repeater stations. 
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The repeater system is more reliable than are telephone lines 
under severe storm conditions. The repeaters have no overhead 
wires to break down under ice loads or heavy winds. 

The problem of providing television programs for small commu- 
nities may be solved by an interesting application of the repeater- 
relay station. Few small communities can support a regular tele- 
vision broadcasting station, but they can have television programs 
by installing an automatic repeater on a high point near the town 
or locality to be served. 

The small transmitter in the automatic repeater, of about 15 
watts output, sprays the locality with television programs picked 
up from the nearest network repeater-relay station. Commercial 
announcements and other soundcasts can be inserted into the 
television-program breaks by a local station operator. He breaks 
into the television program, blanking it off the air for his announce- 
ments by means of a low-powered transmitter. 

Commercial Uses for Television . There arc many business possi- 
bilities for television. Auto-parts and auto-supply houses may use 
two-way equipment to check orders for parts improperly listed or 
not shown in their catalogues. By holding the part before the 
television camera and talking directly to the supply house, the 
salesman can obtain the part quickly for the waiting customer. 

Time, in this case, is important. The television equipment 
eliminates time-consuming correspondence. Several letters may 
be needed to clear up a point which can be handled in a few minutes 
of conversation over the two-way television equipment. 

Conferences held by television cover more information in a few 
minutes than will pages of correspondence. Sketches, drawings, 
and parts can be shown and discussed, and decisions can be reached 
quickly over television hookups. 

The television camera set up to direct the remote-controlled 
handling of radio-active material points the way for handling 
other dangerous operations. A television camera monitoring 
instruments during the dive of a bathysphere will provide a run- 
ning record of the conditions met in a dive too deep and dangerous 
for a man to undertake. The marine version of the television 
camera can be used to direct salvage operations and to examine 
wrecks. It can also be used on underwater construction or on 
exploration work. 
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It is easy to imagine the television camera providing ground 
observers with data during the flight of research rockets into the 
higher upper air. The first experimental space ship will be able 
to send back data by means of a television camera and may use 
television to direct control during flight as it roars its way through 
the high ionosphere into interstellar space. Perhaps the television 
camera will send back an electronic-eye view of interstellar space 
for future study and use. 

All this equipment requirt's trained personnel for its installation 
and must be constantly maintained by competent servicemen. 

Automatic Repeater Stations 

Policing the Pennsylvania Turnpike was a problem when it was 
first built because the route of this fast motor highway followed 
an old railroad right of way through a mountainous region. The 
police radio frequencies used then were blanked out by radio 
shadow created by the hills and mountains through which the 
Turnpike ran. Repeater stations were placed on mountain tops, 
where the police radio cars were always in line of sight with a 
repeater station. This made communication with the central sta- 
tion easily possible via the radio-repeater relays. 

Facsimile 

Facsimile combines light beams, the photocell, and a photo- 
graphic process to transmit photographs or any other printed or 
written material by radio or wire. In the facsimile process, a 
picture placed on a rapidly revolving cylinder is scanned by a 
spot of light. The light reflected from the light and dark areas 
controls the voltage delivered by the photocell. These varying 
voltages are amplified and sent out by radio or wire to the distant 
facsimile receiver. 

At the receiver, the intensity of a light spot, controlled by the 
received voltages, affects the sensitized paper on a rotating cylin- 
der. A duplicate, or facsimile, of the picture at the transmitter is 
produced when paper is developed by a chemical process like that 
used in photography. Newspaper photographs from foreign coun- 
tries are received by this method. 

Business can use facsimile to handle urgent correspondence 
between branches located in different cities. An entire letter can 
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be transmitted in minutes where days would be required for it to 
reach its destination if it were sent by regular mail. Urgently 
needed drawings for a manufacturing process, for design data 
to be checked, or for the judgment of a distant consultant can be 
handled by facsimile. 

There are opportunities in facsimile for operators and mainte- 
nance men. Some experience in photography is also a valuable 
asset. 

Carrier Equipment 

Electric power lines have long been used as a carrier for tele- 
phone signals by power companies. The telephone frequencies 
are introduced onto the power lines by special radio circuits which 
operate on a band of frequencies between 20 and 100 kilocycles. 

The carrier telephone service is used by operating personnel 
between power stations along the power lines. The conversations 
pass over the power wires. Telemetering signals also operate over 
the carrier equipment to bring to the central station automatic 
information such as the height of water in a power dam, the amount 
of water flowing through turbines driving a generator, or the read- 
ings of meters and gages in a distant power station. 

Chemical companies get the readings of meters and gages to a 
central location by telemetering circuits operating over the regular 
power lines running through the plant. Equipment installations 
are often located in positions difficult to reach. 

The carrier principle is also used to protect power lines from 
shorts, lightning, and other accidents which throw sudden, damag- 
ing loads on the lines and station equipment. This system uses 
radio-frequency signals on the power wires to operate protective 
equipment. 

When a storm drops a tree across the power wires or when 
lightning strikes the line, the generators at the central station 
are protected by circuit breakers which are operated by the sud- 
den increase in current. When an accident occurs on a line pro- 
tected by carrier equipment, the radio-frequency signal operates 
the circuit breakers before the heavy current load reaches the sta- 
tion. The carrier signals may even be used to switch the damaged 
lines out of the system and transfer their load to another circuit. 
This action takes place so fast that the power consumer notes no 
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power failure and his service is uninterrupted. The carrier system 
will operate over distances of about 110 miles. 

The men who install and maintain carrier equipment for the 
power companies arc generally specialists, men trained either for 
power work with special carrier-work training added or for radio 
work with the training adapted to tills special job on the power 
lines and equipment. 

The telephone companies use many men in theii construction 
departments for installation, as well as for maintenance and oper- 
ation of the equipment. These men receive considerable on-the- 
job instruction in the specialized procedures used by the telephone 
company, and this helps to upgrade them. Radio circuits and 
radio principles are used in the long-lines department of the tele- 
phone company and in the carrier system, where multiple oper- 
ation is used to handle hundreds of conversations over a single 
pair of wires. Radio training is needed by the men who maintain 
the repeater equipment used on the long lines. Some of these 
men must have Federal operators’ licenses to maintain and adjust 
the transmitting equipment. 

Telephone-maintenance men use the carrier system for conver- 
sations about their work. It is odd to watch a maintenance man 
use an ordinary telegraph key and sounder to call maintenance at 
another station and discuss a technical problem while sharing a 
pair of wires with several hundred other business messages or 
personal conversations. 

Industrial Electronics 

The application of radio principles to industrial electronics is an 
entire field in itself. Many electronic applications use the princi- 
ples of rectification and of grid control, with which you are familiar. 
Heavy alternating currents rectified by huge tubes, vacuum-tube 
circuits used in welding circuits, and tube circuits which change 
direct current to alternating current are some of the interesting 
applications you will find in industrial electronics. 

You will find circuits operated by the photocell or the so-called 
electric eye controlling manufacturing processes. Beans are sorted, 
color is matched, materials are inspected during manufacture, and 
so on, for an infinite number of uses. The automatic door opener 
is a common example of an electronic circuit at work. 
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Radio transmitter circuits also find industrial uses. Radio- 
frequency power is used in the manufacture of flat sheets of ply- 
wood and of molded plywood articles. Radio-frequency heat 
generated in the glue cures the wood in minutes where in the 
older steam presses hours were required for heat to penetrate the 
stack of plywood. 

The diathermy in the doctor’s office is a good example of the 
familiar radio transmitter circuit in an electronic application. 

Foods are pasteurized by supersonic vibrations produced by 
radio-frequency oscillators. 

Factories use radio-trained maintenance men to keep the elec- 
tronic equipment in good operating condition. The equipment is 
installed by factory men, and a factory-trained man at each sales- 
distriet office is available for consultation and for special mainte- 
nance problems. 

Atomic Energy and Nuclear Physics 

Radio has already played an important part in the development 
of atomic energy and atomic fission. Radio equipment and many 
radio principles assist basic research into the nature of the atom. 
In the eyclatron atomic particles were whirled about in a vacuum 
by energy supplied by radio-frequency power circuits. Separation 
of uranium isotopes was assisted by knowledge of principles similar 
to that governing the action of the vacuum tube. Many of the 
control processes in the manufacture of atomic materials are said 
to be electronic in nature. 

The Geiger counter, used to detect radiation, includes a vacuum- 
tube amplifying circuit. When the curtain of secrecy about the 
atom-separation process is lifted, the radio and electronic fields 
will be enriched by many new and valuable processes. 

It was difficult to study the atomic structure of molecules by 
means of infrared (infra-red) light because the particles moved 
too fast for easy study. When microwave frequencies were used, 
the motion of the particles was slow enough for easier study. 

Radar 

Radar, so highly developed during wartime to detect and to 
range enemy aircraft, is finding many peacetime uses. Radar- 
equipped planes are being used to study hurricanes. Operators 
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on these planes, stationed in the hurricane area, locate and track 
these destructive storms by watching the eye of the storm on the 
radar scope. They plot the track and radio back to their sta- 
tions, which warn ships and cities that might be in the storm paths. 

The larger passenger ships are being equipped with radar to 
increase safety in navigation through iceberg areas or through fog. 
Radar-equipped cargo-carrying vessels can proceed through dense 
fog on long river approaches to inland harbors. Without radar, 
the vessel must tie up and wait for clear weather before proceeding 
to its destination. 

The Columbia River approach to the Portland, Oregon, harbor, 
100 miles from the ocean, is an example. Radar has been used 
on the run from San Francisco Bay to the inland harbor at Stock- 
ton, California, and in the Sault Sainte Marie canal in the Great 
Lakes area. 

Airlines have faced serious landing problems at night, during fog, 
or in snowstorms. Airports and planes are being equipped with a 
radar landing system which permits planes to land in complete 
darkness or in impenetrable fog. Travelers down the West coast 
are intrigued by the forest of poles, lights, and other technical 
landing equipment at Areata, California. Areata was selected as 
the location of a research station to study different systems of 
landing airplanes in foul weather. 

The remarkable record of the thousands of landings and take- 
offs made on the Berlin airlift was possible because radar directed 
the planes on and off the fields under all sorts of weather conditions. 

Your Opportunity in Radio 

Where will you fit into one of these many branches and appli- 
cations of radio? You have found radio used in some form every- 
where you turn. In one of these branches you will be able to find 
a starting place and later on a permanent berth. But until you 
find your place in radio, keep up with the art. 

Keep up to date. One way to keep up to date is to make 
amateur radio your avocation. Build and erect your own trans- 
mitter, and become one of the army of “hams” visiting by code 
or voice over the air. In the process of building and operating 
your own equipment, keep abreast of new developments not only 
by reading but by experimenting. 
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The exploits of the radio hams in times of disaster, the amateurs 
who formed the backbone of the armed-forces communications sys- 
tem in wart ime, are well known. Less is known about the peculiarly 
fine training gained and the ingenuity and experience developed 
by hams in their endless experimenting and rebuilding to make 
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their equipment more efficient and able to operate over longer 
distances. This training and experience lead into many fine radio 
opportunities. 

Do you like construction? Perhaps your interest in construc- 
tion has been aroused. You have just learned about some of the 
places in which there is a growing need for men to install and to 
maintain every type of radio equipment. 
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Television offers a host of opportunities. New television sta- 
tions being built will need operators and maintenance men. 
Technical help is needed in studios. Thousands of new and well- 
trained television servicemen will be needed. 

Radio-service trades offer openings. The greatest opportuni- 
ties seem to be developing in the radio-service trades. There is 
great need for well-trained men to service home radio and television 
equipment. There is a growing need for men capable of installing 
and maintaining the equipment used by radio-equipped mobile 
services. 

Radio servicing is a good way to start your own business. Such 
work is steady and may often be combined with sales into a small 
business opportunity. The growth of such a business depends on 
your initiative and the possibilities in your own community. 

Television requires even better trained and more experienced 
servicemen than does the amplitude-modulation radio. The 
greater technical complexity of television equipment and circuits 
requires excellently trained men who are not only good mechanics 
but also understand the operating theory of the equipment. 

The salesman of mobile radio equipment must understand the 
design and operation of his equipment and how it will serve his 
prospective customer. He must know the equipment well enough 
to be able lo discuss with his prospect the service that can be 
expected from it as well as its limitations. 

Your Future Development 

Few radiomen ever feel that they know enough about their sub- 
ject. Radio is so extensive and there is so much to learn about it 
that when one book is mastered you may want to move on to more 
advanced radio training. 

Now that you are ready to go on with your study, you will find 
extensive lists of books to select from. Here is a list of radio texts 
and handbooks for your selection, grouped into the different fields 
in which you may wish to work. 

For the Radio Amateur 

There are two outstanding magazines which describe new cir- 
cuits and equipment and cover the field of amateur activity. One, 
QS T, is published by the American Radio Relay League, a strictly 
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amateur organization. This magazine was started in 1915 and 
has been a leader in American amateur-radio development ever 
since. Each year this group puts out an authoritative handbook 
on new circuits, set construction, operation, and general amateur 
communication practice. 

The other amateur radio magazine is called CQ. It also deals 
with amateur equipment and operating problems. The Radio 
Handbook is an excellent amateur handbook. 

Magazines 

QST, published by the American Radio Relay League, West Hart- 
ford, Connecticut. 

CQ, published by Cowan Publishing Corporation, New York, 
New York. 

Handbooks 

The Radio Amateur's Handbook, Headquarters Staff of the Ameri- 
can Radio Relay League, West Hartford, Connecticut. 

The Radio Handbook, Editors and Engineers, Los Angeles, Cali- 
fornia. 

For Further General Radio Study 

A group of excellent radio texts are listed here. You may select 
books from this list to study nearly any phase of radio. The first 
list includes texts which go further into radio theory. They 
include mathematics, which you will need in your advanced radio 
study. 

The radio amateur, the radio serviceman, and the radio experi- 
menter can get by with a minimum of mathematics only by work- 
ing by rule of thumb, by trying things and remembering what 
happened. His knowledge is inexact, and he is only a mediocre 
radioman clever at guessing his way through his problems. His 
future in radio is definitely limited because he is unable to think 
his way through the complicated situations with which radio 
abounds. 

Mathematics is a “must” for radio engineering and research. 
Basic engineering math requires a thorough grasp of algebra, 
trigonometry, geometry, analytical geometry, and calculus, as well 
as differential equations. This basic math is used constantly in 
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all phases of radio engineering. Radio engineering requires four 
or five years of work in any good college. “Quickie” or home- 
study courses arc a poor substitute for the broad and thorough 
training you can get in a regular college course. 

Use this list of books to build up your information and to help 
you to prepare for more advanced training. 

Essentials of Electricity for Radio and T clcrision (2d ed.), M. 

Slurzberg and Wm. Osterheld, McGraw-Hill. 

Essentials of Radio, M. Slurzberg and Win. Osterheld, MeGraw-IIill. 
Principles of Radio, Keith Henney, Wiley. 

Basic Radio, J. Barton Hoag, Van Nostrand. 

Introduction to Practical Radio, I). J. Tucker, Macmillan. 

M athematics for Electricians and Radiomen, Nelson M. Cooke, 
McGraw-Hill. 

Electronics Dictionary, Nelson M. Cooke and John Markus, 
McGraw-Hill. 

Fundamentals of Radio, F. E. Terman, McGraw-Hill. 

Inside the Vacuum Tube, John F. Rider, John F. Rider. 

FM Simplified, M. S. Kiver, Van Nostrand. 

Television Simplified, M. S. Kiver, Van Nostrand. 

Understanding Microwaves, Victor J. Young, Van Nostrand. 

For Radio Servicing 

Elements of Radio Servicing, Win. Marcus and Alex Levy, McGraw- 
Hill. 

The series of books and pamphlets published by John F. Rider. 

For Radio Operating 

Radio Operating Questions and Answers (13th ed.), J. L. Hornung 
and A. A. McKenzie, McGraw-Hill. 

Practical Radio Communication (2d ed.), Arthur R. Nilson and 
J. L. Hornung, McGraw-Hill. 

Your Future Radio Training 

Plan your future training program carefully. Take care of your 
immediate technical training, but also include a good general 
education. Avoid a common mistake made by younger trainees; 
they become so fascinated by the technical and operating details 
of radio that they go overboard and miss their general education. 
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Complete your high school training, your junior college training, 
and continue your general education as far as you can go. Remem- 
ber that your general knowledge and your ability to get along 
with people, and not just your technical training, help you to get 
and to keep your job. A college training is worth while if you are 
willing to do the necessary hard work. A college degree opens up a 
whole group of jobs to you. Your future is determined by the 
extent of your training, by its thoroughness, and by your own 
initiative and energy. Avoid too early and too narrow a special- 
ized training. 



RADIO-TUBE CHARACTERISTICS CHARTS* 


Two radio-tube characteristics charts are given in the pages 
that follow. The first is a Selected Tube List for quick, handy 
reference. The second is a Condensed Data Section that includes 
a larger and more complete list of tubes. 

The Selected Tube List. This selected list includes only the 
tubes used or recommended for the experiments and the circuit 
boards described in this book. This convenient list enables you to 
find quickly the information about the tube you are working with 
together with its base diagram and its operating characteristics 
instead of searching through the much larger list given in the Con- 
densed Data Section. 

The Condensed Data Section. This is a more complete list of 
tubes commonly used in radio and television circuits. Students 
who wish to substitute higher-performance tubes for the simpler, 
more basic tubes used in the text and shown in the Selected Tube 
List and those who wish to do advanced experiments may select 
tubes with similar characteristics from the Condensed Data 
Section. 

The meaning of the symbols in the different columns of the 
Selected Tube List is given in the following section “How to Use 
the Selected Tube List.” This explanation is unnecessary for the 
simpler form used in the Condensed Data Section. 

How to use the Selected Tube List. The types of tubes are 
listed in numerical and alphabetical order. The third column 
lists the style of construction. Lock in, Miniature, and (IT are, of 
course, well-known, but the letters “ST” may need explaining. 
ST is the dome-topped bulb as now used in type 25/5, etc. The 
number following ST gives the nominal maximum diameter in 
eighths of an inch. 

The column “Base Diagram” shows that the base for type 7B7 
is 8V-L-5. This means that the active elements are connected as 
shown in the base diagram 8V, and that the external shielding (in 
this case the lock-in base) is connected to the lug (L) and the 
internal shield to pin 5. This avoids having a separate base dia- 
gram for types with a minor difference in shielding. 

* The data given here have heen compiled from various sources by the Com- 
mercial Engineering I >epartineiit of Sylvania Electric Products, Inc., Emporium, 
Pennsylvania. 
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Construction 

Emitter 



Type 

Class 


Base 

diagram 

Type 

Volts 

Amp 

Use 

1N5GT 

Pentode 

GT 

5Y-1-7 

Filament 

1.4 

0.05 

R-F amplifier 

1S5 

Diode pentode 

Miniature 

6AU-0-0 

Filament 

1 .4 

0.05 

Det amplifier 

5Y3GT 

Duodiodc 

GT 

5T-0-0 

Filament 

5.0 

2.00 

F-W rectifier 

5Z3 

Duodiode 

ST-16 

C4-0-0 

Filament 

5.0 

3.00 

F-W rectifier 

«AC7 

Pentode 

Metal 

8N-1-1 

Cathode 

6.3 

0.45 

Amplifier 

6C5 

Triode 

Metal 

6Q-1-1 

Cathode 

6.3 

0.30 

Amplifier 

6F6 

Pentode 

Metal 

7S-1-0 

Cathode 

6.3 

0.70 

Power amplifier 

lillO 

Duodiode 

Metal 

7Q-1-1 

Cathode 

6.3 

0.30 

Rectifier 

(>.I5 

Triode 

Metal 

6Q-1-0 

Cathode 

6.3 

0.80 

Amplifier 

GK7 

Pentode 

Metal 

7R-1-0 

Cathode 

6.8 

0.30 

Amplifier 

01,0 

Beam amplifier 

Metal 

7AC-1-0 

Cathode 

6.3 

0.90 

Power amplifier 

«v« 

Beam amplifier 

Metal 

7AC-1-0 

Cathode 

6.3 

0.45 

Power amplifier 

G\5 

Duodiode 

Metal 

6S-1-0 

Cathode 

6.3 

0.60 

F-W rectifier 

7B7 

Pentode 

Lock in 

8V-L-5 

Cathode 

6.3 

0.15 

Amplifier 

7C5 

Beam amplifier 

Lock in 

6AA-L-0 

Cathode 

6.3 

0.45 

Power amplifier 

*5 LG 

Beam amplifier 

Metal 

7AC-1-0 

Cathode 

25.0 

0.30 

Power amplifier 

2 5X5 

Duodiode 

ST-12 

6E-0-0 

Cathode 

25.0 

0.80 

Doubler 

35L6C.T 

Beam amplifier 

GT 

7 AC-0-0 

Cathode 

35.0 

0.15 

H-W rectifier 

11- W rectifier 

35Z5 

Diode 

GT 

GAD-0-0 

Cathode 

35.0 

0.15 

II-W rectifier 

807 

Tetrode 

ST- 16 

SAW 

Cathode 

G .3 

0.9 

Beam amplifier 

T20 

Triode 



Filament 

7.5 

1.75 

Tower amplifier 



60S 










TUBE LIST 


Plate 

volts 

Screen 

volts 

Nega- 

tive 

grid 

volts 

Plate 

current, 

ma 

Screen 

current, 

ma 

Plate 

resist- 

ance, 

ohms 

Amphficaticn 
factor or 0 m 
in micromhos 

Power 

output. 

milli- 

watts 

Tvpo 

90 

90 

0 0 

1 2 

0 3 

1 5 meg 




1N50T 

67 5 

67 5 

0 0 

1 6 

0 4 

600,000 




1S5 

350 ac volts per plate. 

rms, 125 ma output current, condenser input to filter 

5Y3GT 

500 ac volts per plate, 

rms, 125 ma output current, choke input to filter 


450 ac volts per plate. 

rms, 225 ma output current, condenser input to f Iter 

5Z3 

300 

150 


10 0 

2 5 

1 0 meg 

6,750 bias 

res 

6AC7 







- 160 

ohms 


250 


8 0 

8 0 


10,000 

20 0 



605 

250 

2 50 

16 5 

34 0 

6 5 

80 000 



3,200 

0F6 

117 ac volts per plate. 

rms, 8 0 ma output per plate 




1 116 

250 


8 0 

9 0 


7,700 

20 0 



G J r ) 

100 

100 

1 0 

9 0 

2 7 

150,000 




0K7 

250 

100 

3 0 

7 0 

1 7 

800,000 





250 

125 

3 0 

10 5 

2 6 

600,000 





250 

250 

14 0 

72 0 

5 0 

22,500 



6,500 

6L6 

180 

180 

8 5 

29 0 

3 0 

58,000 



2,000 

6V6 

325 ac volts per plate. 

rms, 70 ma output current, condenser input to filter 

6X5 

450 ac volts per plate, rms, 70 ma output current, choke input to filter 


100 

100 

3 0 

8 2 

1 8 

300,000 




7117 

250 

100 

3 0 

8 5 

1 7 

750 000 





180 

180 

8 5 

29 0 

3 0 

58,000 



2,000 

705 

110 

110 

7 5 

49 0 

4 0 

13,000 



2,100 

25L0 

200 

110 

8 0 

50 0 

2 0 

30,000 



43,000 


117 ac volts per plate. 

rms, 75 ma output current per plate 



25Z5 

235 at volts per plate. 

rms, 75 ma output current per plate 




110 

no 

7 5 

40 0 

3 0 

14 000 



1,500 

35L6GT 

200 

110 

8 0 

41 0 

2 0 

40 000 



3.300 


235 max ac volts, rms 

, 60 ma output current with panel lamp 



35Z5 

235 max ac volts, rms 

, 100 ma output current without panel lamp 



750 

250 

-45 0 

100 0 

6 0 




50 watts 

807 

600 

275 

-70 0 

100 0 

6 5 




42 watts 


750 


-85 0 

85 0 





41 watts 

T20 

750 


-no o 

70 0 





38 watts 











CONDENSED DA I A SEUION 


& 

8f 

o: 

3} 

5 

n 

» 

1 

< 

© 


£ 

a 
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TYPE 





Avg Operating Current— 74 Ma at 20 Volts 150 Ma at 40 Volts, 155 Ma. at 60 Volts 

j Avg. Operating Current — 140 Ma at 20 Volts 150 Ma at 40 Volts, 155 Ma. at 60 Volts 
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Characteristics Same as Type 2526GT 
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INDEX 


A 

Acceptor, 032, 038 
Acoustics, 14 

Alternating current, 131 143, 147, 148 
component of direct current, 134, 
143 140 

frequency, high and low, 140 143 
tube, 332 

wave-form picture of, 133 143, 148 
alternation, 132, 147 
amplitude, 130, 130-140 
cycle, 138 

loop, negative, 137 138 
positive, 130 
node, 137 
peak, 134 
sine wave, 138 
time line, 130 

Amateur, radio, 3 7, 343, 043-044 
frequency bands for, 330 
Ammeter, 44, 51, 72 

connections in meter, 00 
measures large currents, 05 
Ampere, 44, 47, 121 
Ampere turns, 02 

Amplification, 107, 283, 341, 357, 041 
class A, All, and (\ 518 
low, for resistance-coupled amplifier, 
358 

made possible by De Forest, 205 
in radio-frequency amplifier, 358 
regeneration as form of, 248 
in the transistor, 041 
Amplification factor, 340 342, 358 
represented by mu, 341 
of screen-grid tube, 353 
Amplifier, 9, 14, 390 
audio, 205 283, 303 372 

coupling between stages, 207-268, 
382-389 

resistance, 274-277, 283 
transformer, 208-274 
power, 277-283, 372-377 


Amplifier, audio, push-pull, 377-382 
buffer, 512, 539, 547 
class A, 409-472 
bias for, 471 472 
class AH and B, 473 
bias for, 473 474 
class C, 512, 518-520, 532 
fixed-tuned, in superheterodyne re- 
ceiver, 404 

intermediate-frequency, 404 
phase-inverter circuit, 378, 457- 
459 

radio-frequency, 389-392 
power, 512 520 
tuned radio-frequency, 431 
Amplitude, 130, 117 

how shown on oscilloscope, 139 
140 

Amplitude-modulated wave, 32 
Amplitude modulation, 012 

compared with frequency modula- 
tion, 013-020 

Amplitude or strength line, 130 
Antenna, 14, 107, 283 
arrays, 585 

coil, 248, 283, 390, 428 
adjusting short-wave, 430 
winding short-wave, 420-427 
coupling, for transmitter, 543 544 
directional, 585, 001-005 
doublet, 422, 573-571 

for very high frequency sets, 590 
597 * 

for very high frequency trans- 
mitter, 000-001 

dummy, 483, 491 492, 498 517, 

533 

construction of, 491 
for 144- megacycle oscillator, 591 
used to tune amplifier, 532 
field pattern for, 001 
Hertz, center-fed, 570-573 
end-fed, 577 578 
zeppelin, 574-577 
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Antenna, Hertz, feeders, 571, 574, 
575 

coupling, 571 

used for \ ery high frequency, 

585 

how to adjust loading, 578 
how length affects tuning, ‘■210 
how made, 150-151, 508 504 
load indicator, 588, 570, 578 
Marconi, 578-581 
operation on harmonics, 580 
principle of half-wave, 505 570 
' reel, 408 

towers, 10, 14 

voltage and current distribution in, 
508 

voltage fed, 577 

whip-type, car, for very high fre- 
quency work, 500 507 
zeppelin, 544, 508, 574 577 
Antimony, 088 

Armstrong, II. E., inventor, 585 
of frequency modulation, 014 
of regeneration, 447 448 
of superheterodyne, 401 
of superregeneration, 007 
Atom, 47, 088 
arsenic, 038 
gallium, 038 
what it is, 30-38 
Atomic energy, 040 
Attenuation, 404 

control on signal generator, 349 
Aurora borealis, 45, 34, 33 
Automatic volume control (avc), 417- 
440 

B 

Back voltage (see Voltage, back) 
Baffles, 494-298 
bass-reflex, 497 498 
infinite, 490-497 
labyrinth, 498 
Bakelite, 14, 141, 414 
Ballast, line cord, 348 
Bar, shorting, for Lecher w ires, 595 
for plate rods, 593 
Bardeen, Dr. John, 048 
Base, part of transistor, 040 
Baseboard for set, 95-97 


Battery, 75, 93 

A, 07, 95, 113, 117, 141 

B, 108, 114, 141, 499 

acts as electron pump, 117, 100 
made of group of cells, 75 70 
part of plate circuit, 95 
bias, 038-039 

C, 479, 480, 345 

for grid- volt age-plate-current 
curve, 345 
how made, 140, 480 
for power audio amplifier, 479 
for radio-frequency power ampli- 
fier, 514 540 

use in frequency experiment, 141 
ust hi grid test, 119 140 
Beam power tube (see Tube) 

Beat, zero, 483 

used for tuning, 451, 413 
Beat notes in sound, 413 415 
Bias, 484 

for class A, AB, and B amplifiers, 
408 173, 518 
(See also Grid bias) 

Bleeder resistor (see Resistors) 

Board, slide, 000 

Body capacity (see Capacity) 

Bohr, Nils, 37 

Brat tain. Dr. Walter H., 048 
C 

C battery (see Battery, C) 

C bias (see Bias) 

Cable, coaxial, 14 

carries television programs, 034 
transmission-line, 590 
shielded, 449 

Calibrate, definition of, 74 
Capacity, body, 434 
of condenser, 183 
distributed, in coil, 447 
hand, 451 454, 483 
interelectrode, 540 

Carbon tetrachloride for (‘leaning de- 
tector crystal, 153 
Cathode, 335 330, 358 

resistor, source of grid bias, 309 370 
used as electron emitter, 341 
Cat whisker, 154, 107, 043 
how used, 153 
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Cell, 75, 93, 647 
Center tap, 331 

on power transformer secondary, 320 
Channels, frequency, 616 
Charge, 37, 47 

like repels, unlike attracts, 39 
space, 117, 122, 168 

electrons in, repelled by grid, 233 
grid collects electrons from, 243 
Chassis, 46, 47, 437 

for tuned -radio-frequency receiver, 
436 

Circuit, 38, 47 
filament, 38, 98 
input, 114 

neutrodyne, 350-351 
output, 114 
parallel, 73, 76, 93 

feed, in Hartley oscillator, 480-481 
or shunt feed, 480, 533 
tube filament connection, 324-326 
plate, 99 

schematic, 95-96, 103 
series, 73, 75-76 

in Hartley oscillator, 480 481 
parallel, 76 77 
tube filaments in, 324-325 
sweep, in oscilloscope, 128 
tank, 476, 533 

in frequency meter, 493 
grid, a timing circuit, 501 
Circuit boards, 94-97 
diode detector, 643 

Coil, action when current changes, 194 
air gap in core, 316 
choke, 316 
field, 288, 289, 298 
high-frequency type, 590 
lattice- wound, 405 
loading, 212-213 
plug-in, 422, 424-427, 437 
radio, 169-172 

radio-frequency, for Hartley oscil- 
lator, 476 
voice, 287, 298 

connections of, between two 
speakers, 461-462 
in dynamic microphone, 445 
Collector, 640 

Compass used to trace fields, 54, 59 
Components, 304, 331 


Components, radio- and audio-fre- 
quency, 258 

Computer, electronic, 631 
Condenser, 170, 179-187 
band-set, 424, 435, 437 
band-spread, 424, 436, 437 
blocking, 478 

by-pass, audio-frequency, 250 
purpose of, 371-372 
filter, 180, 304-306, 313-316 
fixed, 170 
grid, 240, 242-245 

purpose in tuned-plate-tuned-grid 
oscillator, 502 
midget, 424, 589 
padder, 393 

setting affects frequency, 226 
tank tuning, 487-491 
variable, 170 
three-gang, 392 

Condenser microphone used in fre- 
quency-modulated transmitter 
demonstration, 619 621 
Conductance, mutual, 343, 358 
Conductor, 39, 48, 122, 180, 204, 632 
Cone, 286-287, 298 

resonant frequency of, 287 
Connection, ground, 151-152, 168 
for Marconi antenna, 579-580 
Continuity test, 93 
with ohmmeter, 91-92 
Continuous wave, 437 
Control, gain, for oscilloscope, 130 
for radio-frequency amplifier, 389 
grid, 351 
tone, 468 

Core, of choke coil, 316 
laminations of, 308-310 
losses in transformer, 204, 310 
Counterpoise for Marconi antenna, 579 
Countersink, 642 
Coupling, 226, 229, 267-269 
between audio stages, 387 389 
capacity, 268 
inductive, 267 

link, in transmitter, 530 531 
transmitter to antenna, 543-544 
Crystal, galena or silicon, 152, 504 
holder for, 505-506 
operating theory of, 506-507 
oscillator, 507-511, 536-539 
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Crystal* quartz, characteristics* 503- 
504 

effect of temperature on frequency, 
507 

is piezoelectric, 504 
X cut* Y cut, 504-505 
quartz and tourmaline, 504 
Rochelle salt, 444 

operation in pickup, 450 
Crystal detector, 140 107 

fixed, for transmission-line meter, 500 
its operation explained, 153 150, 
158-100 

Current* 48* 147 

action of electrons in, 57 58 
direction of flow of, 40 41 
eddy, in transformer core, 300-310 
flow of, 43-44 
forward* 039 
lag and lead, 202-204 
loops of wave-form picture, 130 138, 
147 

reverse, 039 
speech, 550, 552 

Curve, calibration for frequency meter, 
404-405 

grid- voltage-plat e-current, 4-70 
knee of, 472 

sensitivity, of superregenerativc re- 
ceiver, 009—010 
straight line, amplifier, 340 
Cutoff point, 120, 244 245, 283* 340, 
350 

found in grid test, 347 
remote, screen-grid tube, 352 
Cycle, 27, 33, 132, 147 

D 

D* Arson val principle, 51 
D’ Arson val type of meter, 72 
Deflecting plates, 129-130 
I)e Forest, Lee, added grid to vacuum 
tube, 107 

audion tube, 106, 336 
made amplification possible, 265 
Degassing process, 109-110 
Demodulation, 158-159, 167 
Detection, 158-159, 167 
of power detector, 398-400 
Detector, 283 


Detector, crystal (sre Crystal detector; 

Diode detector) 
first, 404, 407 408 
power or plate, 395 400 
second* 405-406, 409-410 
Detector circuits compared, 360 
Diagram, filament circuit, 98 
plate circuit, 99 
schematic, 95-96 
vector, 202 203* 205 
Dial slow-motion, 4d6 
Diaphragm, 9, 286 
in earphones, 156 157 
in microphones, 443 446 
moved by audio- frequency currents, 
237 238 
Diathermy, 640 
Dielectric, 180, 205 
constant A', 184-185 
effect on capacity* 184 185 
in filter condenser* 313 
Diffusion, 636, 641 
Diode* 628-632 
in circuits, 642 644 
definition of, 106, 122, 167 
germanium, 629 
operation of, 638-639 
point -contact, 628 
silicon* 629 

Diode detector, crystal, 152 
operation of* 415 417 
in superheterodyne receiver, 1-04, 
406-407 

vacuum-tube, 404 
in volume control, 417 -419 
Diode-transistor set, 645-647 
Direct current, pulsating, 145 146 
pure, 146 

Direct-current meters, 72 
Direct -current resistance, 192 
Direction of current flow* 40 
Director, 602, 611 

Discriminator, in frequency-modulated 
receiver, 619 
its operation, 623-627 
Distance, reflection, 25 
skip, 23-24* 34 
Distortion, 402 

in amplifiers, 388, 469, 473-474 
Donor, 632, 638 
Doping process, 634 



698 


UNDERSTANDING RADIO 


Doubler, frequency (see Frequency 
doubler) 

Doublet antenna (see Antenna) 

Drop, III, through plate load resistor, 
387 

produces bias control voltage, 401 
Dry cell (see Battery) 

Duralumin microphone diaphragm, 44(1 
Duralumin ribbon in velocity micro- 
phone, 448 

DX means distance, 247, 283, 3.58 
Dynamic speaker (see Speaker) 

E 

Earphones, 150, 284 

balanced -armature type, 280 
diaphragm too heavy to move at 
radio frequency, 237 238 
operation of, 150 150 
used for crystal set, 152 
Edison effect, 105 
Electric eye, 030 
Electricity, dynamic, 43 48 
flow of, 30-40 
static, 42 48 

Electrode of diode tube, 100 
Electrodynamic speaker (see Speaker) 
Electrolyte in condenser, 313 314 
Electromagnet, 00, 04, 72, 205 
coil becomes an, 05 
in dynamic speaker, 280 
field strength of, 01 02 
rule for polarity of, 01 
Electron beam in tube, 127 -130 
Electron bonds, 030 
Electron flow, 48 
Electron surge (see Surge) 

Electronics, industrial, 030 
valence of, 033 -030 
Electrons, 48 
free, 038, 030 
action of, 30-40 
mobile, 035 

negatively charged particle, 37 
arrows on diagram, 124 
in diode detector circuit, 102 
pairs of, 033 
planetary, 37, 48 
stream of, 125 
valence of, 033-030 


Element, 48, 122 
chemical, 30 
part of tube, 110-112 
Emitter, 040 
Energy, atomic, OK) 

Equipment, carrier, 038-030 
telemetering signals on, 038 
Excitation, grid, how to adjust, 485 
from oscillator, 522, 533 

F 

Facsimile, 037-038 
Fader, 451 
Fading, 20, 33 
causes of, 25—20 
Fahnestock clips, 152, 043 
Farnsworth, Philo, 535 
Federal Communications Commission, 
11 

license requirements, 000 
station frequency assignment, 30, 
200, 584 
Feedback, 283 

caused by grid-plate coupling, 350- 
351 

due to magnetic fields, 405 
how controlled, 250 
Feeder, also called transmission line, 
500 

antenna, 502 

for center-fed zeppelin antenna, 572 
for doublet antenna, 574 
for end-fed zeppelin antenna, 575 
how to tune, 572 

Fidelity, depends on sideband width, 
553-554 
high, 203 

of amplitude-modulated system, 
015 

of frequency-mod ulated system, 
013 

Field of force, 54 

between meter poles, 56-57 
Filament, 112, 122 
circuit, 38, 103 

on circuit board, 95 
how to measure its current flow, 68 
how to wire, 97-99 
current, measurement, 68 
in Edison lamp, 107 
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Filament, in modern tubes, 108 
transformer. 335, 303 
used as heater in cathode, 334-335 
Filter, action of radio-frequency choke 
and by-pass condenser, 250-200 
circuit, 25 7 
definition of, 331 
power-supply, action, 321 322 
condenser, 300, 313, 320 
oil-filled, 511 
Filter chokes, 305-306 
Fleming, J. A., two-element detector, 
400-407 

valve detector, developed, 159 100 
worked with Edison and Mareoni, 
105-100 

Flux, for cleaning soldering-iron tip. 
100 

rosin core of, 100 

Franklin, Benjamin, theory of current 
flow, 58 59 
Frequency, 11, 117 
audio, 154 155, 107 
boat, 405 

notes in sound, 282, 413 415 
of broadcasting stations differs, 21 1- 
212 

carrier, 154 
definition of, 27, 111 
fundamental. 493 

absorption-frequency meter re- 
sponds only to, 520 527 
high, 10, 33 

and low 7 , shown on oscilloscope, 
140-143 

very high, ultra high, 584 
low 7 , 33 

quench, 010 011 

of quench oscillator, for superhet- 
erodyne receiver, 010 
relation of, to wavelength, 504 
Frequency bands, for amateurs, 530 
names of, 584 

Frequency deviation of frequency- 
modulated transmitter, 018 
Frequency doubler, circuit, 525-528 
for frequency-modulation transmit- 
ter, 018 

Frequency meter, 533 
absorption type, 493 490 
Frequency-modulated wave, 32 


Frequency modulation (f-m), 32, 027 
invented by Armstrong, 612 
used by police and fire departments, 
031-032 

used for taxicabs, 032 
Frequency-modulation broadcasting, 
031 

Frequency-mod ula* ion transmitter, 
block diagram of, 017 
job of modulator, 018 
rang* of, 015 

Frequency response of microphones, 441 
Fundamental, definition of, 293 

G 

(lain, 402, 452 

of radio-frequency amplifier, 389 
Gallium, 033, 035 
(ias effects on tube operation, 109 
Geiger counter, 040 
Generator, motor, 15, 48 
signal, 102 

used to align receiver, 391, 411 
used to calibrate frequency meter, 
491 

Germanium, 028 

N type, 033, 030, 038, 040 
P type, 033, 030, 038 
(ietter, 122 

act ion of, 108 1 10 

Granules, carbon, in microphone, 443 
Grid, 73, 122 
control, 351 
examination of, 1 12 
materials used for, 108 
new 7 element added by l)e Forest, 107 
purpose of, in circuit, 118 
supereontrol, 353 
suppressor, 353-355, 358 
connected to cathode, 354 
operation, 355 
test, experiment, 118-121 
Grid bias, 283, 402 

for audio amplifier, 304 
found in tube chart, 304 
how to calculate, 370-371 
prevents distortion, 307 
Grid cap, 339 
Grid circuit, 103, 122 
Grid coil, 248, 283 
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Grid condenser (see Condenser, grid) 
Grid excitation, 485, 490-491, 527 
Grid leak, 288 

action of, 242, 245, 500 
for antenna-reel experiment, 208 
forces electrons on grid, 165 
is a high resistance, 240 
shunted across grid condenser, 245 
for simple detector, 163-107 
Grid return wire, 283 
Grid swing, 472 

G rid -voltage-plate-current curve, 343- 
350 

sample curve of, 348 

H 

Harmonic, first and second, in audio 
amplifier, 381 

produced by overmodulation, 553 
second, in oscillator, 493 
Hartley oscillator (see Oscillator) 
Hazeltine, Alan, developed neutrodyne 
circuit, 350 
Heat sink, 646 
Heaviside layer, 19-20, 33 
Henry, 198 

Hertz, antennas used hy, 5, 17, 562 

Hill, potential, 638 

Holes, 634, 635, 636, 638 

Horn, exponential, 294 

Howl, audio, owing to feedback, 462 

Hum, 307 

in public-address amplifier, 456 
reason for, 467 
reduction of, 465 

I 

ImjM'dance, 192, 202, 205 

match, output transformer to 
speaker, 460 
Indium, 633, 635 
Inductance, 189-196, 205 
of choke coil, modulation, 550-551 
of coil, 192 
formula for, 198 
Induction, mutual, 176, 205 
Inertia, thermal, 358 
of cathode, 336 
of tube filament, 334 


Infinity, 93 

Insulation, ceramic, for very high fre- 
quency, 585 
Insulator, 12, 44, 48 

glass or porcelain, for antenna, 150 
Intensity, control, 133, 147 

of spot in cathode-ray tube, 129 
Intercommunicator, 463-467 
Ion, negative, 638 
positive, 638 
Ionization, 20, 33 
Ionosphere, 19-20, 23-24, 33 
D, Ey F i and F 2 layers, 21 -22 
day and night heights, 21-22 

J 

Jewels, glass or sapphire in meter, 52 
Junction, 638 

K 

Kilo, 27 

Kilocycle, 11, 15, 27, 147 

L 

Lag, 197, 205 
Lambda, 28 

Lamination of transformer core, 308, 
309 

Lamp, dial, 77-78 

neon, or glow tube, 113, 301 
action of, 302 

shows condenser charge, 181-182 
shows plate-current flow, 113-115 
shows rectification, 302 303 
used to test oscillation, 482, 539 
Layer E causes fading, 25 
Layer F, 25 

Leadin for antenna, 151, 168 
Lecher wires (see Wires, Lecher) 
Left-hand rule, 59 
License, radio operator's, 534-535, 

545 

required for all amateur operation, 
545, 559, 561 
station, 545 
Light, 16, 33 

pilot, antenna power indicator, 538 
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Limiter, 627 

circuit operation, 621 
in frequency-modulated transmitter, 
619 

Lines, transmission, .566, 58.5, 59? 600 
for antenna, 566 
flat, 600 

parallel rod, 585 

standing waves check efficiency of, 
597 

for very high frequency transmit- 
ter, 597-600 
Lines of force, 54, 7 2 

cause an induced voltage, 177 
Load, 533 

for oscillator, 498 

Load resistor for discriminator, 624 
Loetal tube, 358 
Loopstiek, 64.5-646 
Loudspeaker (see Speaker) 

Low C (music), its frequency, 158 

M 

Magnet, bar, 57, 72 
horseshoe, 55 
in meters, 51 

permanent, 53 54, 72, 298 

in dynamic microphone, 445-446 
in dynamic speaker, 298 
temporary, 53-54, 73 
Magnetic field, 72 

changing, induces voltage, 174 175 
strength of, varies with distance, 

55 

Magnetism, 50, 72 
Magneto, 178 

Marconi, Guglielmo, 5, 17, 33 
developed wireless in England, 105 
early detector experiments, 159 
160 

type of antenna, 562 563 
Master-oscillator power amplifier, 539- 
540 

Maxwell, James Clerk, 17 
Megacycle, 615 
Megohm, 245, 283 
Metals, 632 

used for filament cores, 108 
Meter, 562 

calibrating marks on scale of, 57 


Meter, field-strength, 605-606, 611 
frequency, 493- 496 
jeweled bearings of, 52 
movement of, 51 
sensitivity of, 62 
spiral spring of, 52 
test, 599-600 

slide board of, 599-600 
Meter coil, 51-52 
core of, 51 
Mete*- dip, 538-539 
Meter hand, 52 
motion of, 345 

Meters p**r second, formula for, 28 
Mho, 343, 358 
micro-, 343 

Micro, one millionth, 358, 402 
Microfarad (gf), 183, 205 
Micromicrofarad (g/uf), 183, 205 
Microphone, 8, 10, 14 
carbon, 141, 441 442 
condenser, 446-447 
crystal, 444-445 
current flow in, 158 
dynamic, 445 446 
frequency response of, 441 
low - and high-impedance, 442 
in public-address set, 438 
ruggedness of, 441 
sensitivity of, 441 

transformer, 141, 442, 443, 445 446 
Micro voltmeter, 172 
Microwave, 589, 611 
Milliammeter, 65, 72 
Milliainpere, part of an ampere, 65, 72 
Mixer, first detector, 401, 407, 408, 420 
Modulate, definition of, 15 
Modulation, 15, 551 554 

effect on carrier current, 158-159 
grid, 556-558 
100 per cent, 552 
plate, 554 556 
transformer, 554 
under-, over-, 552-553 
Modulator, 10 
Heising, 547 
Molecule, 9-10, 15, 48 
in magnetized bar, 53-54 
what it is, 36 
Monitor, 494 
Motorboating, 275-276 
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mu, the amplification factor, 341-343, 
358 

high, tubes with, 342 
low, tubes with, 332 
Mutual conductance (G OT ), 343, 358 

N 

Negative bias in audio amplifier, 367 
368 

Negative charge, 40-41 
Negative connection, power rectifier, 
320 

Negative electrons, Franklin's theory 
of, 58-50 

Negative loop of wave picture, 137 
138, 147 

Neutralizing condenser, 520 
need for, 520 
test for, 522 
Neutron, 37, 48 
Node, 137, 147 
Non metals, 632 
Northern lights, 25, 32, 33 
Nucleus, the heavy central core, 37, 48, 
632 

O 

Octal tube bases. 111, 122, 358 
Ohm, Georg Simon (German scientist), 
45, 77 

Ohm, unit of resistance, 45, 48, 122 
Ohmmeter, 90-92, 308 

used for continuity tests, 91 
used for resistance measurements, 92 
used to test windings, 308 
Ohm's law, 74, 93 
formula, 77, 79 

used to compute bias resistor size, 
517-518 

Oscillation, 224, 256, 283 
in grid circuit, 255-256 
test for, 250, 482-483, 509 
Oscillator, 11, 15, 475, 533 

acts as electron surge pump, 567 -568 
crystal controlled, 476, 507-511 
efficiency of, 532 
Hartley, 475, 476-491 

for frequency-modulation demon- 
stration, 619-620 
in radio-telephone transmitter, 550 


Oscillator, Hartley, for 144-megacycle 
band, 590 594 

power input, measurement of, 486 
power output, changing of, 485 
self-excited, 476, 503 
in superheterodyne receiver, 404 
tuned-plate tuned-grid, 496-503 
Oscilloscope, cathode-ray, 124-131 
shows rectification, 303-304 
simplified diagram of, 130 
used to study w aveforms, 125 
Overloading produces distortion, 372 
Overtones, 293 

P 

Parasitic director and reflector, 602 604 
Peak, a maximum value, 134 
Phase, in 33, 196 
out of, 25, 197, 205 
Phase inverter, 378, 457-459 
Photocell in facsimile process, 637 
Physics, solid-state, 628 
7T, 200 

Pickup, 454 -456 
crystal, 453, 454 
phonograph, 438 
Piezoelectric effect, 504 
Pins of tube base, 39 
Plate, 283 

beam-forming, 356 
Plate circuit, 95, 103, 122 
bow to wire, 99 
schematic circuit, 96 
Plate coil, 249 
Plate current, 67, 122, 398 
Plate detector, 395-400 
Plate impedance, 293, 340 
match to transformer, 554 
Plate modulation, 554 
Plate resistance, 292-293, 340, 358 
for minimum distortion, 293 
must equal tube impedance for maxi- 
mum power, 293 
Points, nodal, 596 
test, 70 

used to measure voltage, 88 
used with ohmmeter, 90 
Poles of magnet, 53, 55, 63, 72 
like repel, unlike attract, 63 
north- or south-seeking, 53-55 
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Positive charge, 41 
Positive electrons, Franklin's theory 
of, 58-59 

Positive loops of wave picture, ISO- 
137, 147 

how to read and draw, 130 
Positive terminal, power rectifier, 321 
Potentiometer, 323- 324 
Power amplifier (see Amplifier) 

Power detector, 395 
cutoff point of, 398 
operating curve for, 398 
operation of, 399 100 
in superheterodyne, 404 
Power oscillator (>w Oscillator) 

Power pack, 331 
Power supply, 331 
sections of, 306 
transformerless, 324 
for transmitter, 511-512 
Power transformer, 299, 307 
operating theory of, 319 
in power supply, 317 
Power tubes for audio amplifier, 372 
373 

Preamplifier, 438 

for crystal microphone, 444 445 
for public-address set, 449 451 
Primary coil of transformer, 173 
definition of, 205 
Prongs of tube, 39 
Proton, 37, 48 

Q 

Quality, 293 

R 

Radar, 640-041 

Radio frequency, changes over 20,000 
times per second, 154- 155 
choke action of, 258, 259-261 
modulated, 158 

Radio-frequency amplifier, 389-392 
Radio-frequency burns, 481-482 
Radio-frequency waves, 108 
Rarefaction in air waves, 291 
Rays, infrared, cosmic, ultraviolet, and 
' X rays, 21, 23, 31, 34 
Reactance, 192, 200, 205 
of condenser, 201 


Reactance, formula for, capacitive, 

202 

inductive, 200 
inductive, 192, 205 
Receiver, construction, 156 157 
regenerative, 247-265 

troubles and remedies for, 252 253 
single-control, 392 395 
superregenerative, 000 611 
Reception, night, 25 
Record player, 454 
Rectification, 300 304 
wave picture of, 303 
Rectifier, crystal diode, 638 
ruts off current flow, 145 
full- wave, 312-313, 331 
Rectifier tubes, 305 306, 312 313 
operating theory of, 320 321 
for transformerless power supply, 
325 326 

Reflector, parasitic, 602 604, 611 
Regeneration, 283 

as form of amplification, 248 
how controlled, 256 
Repeater stations, automatic, 634 637 
Resistance, 44 47, 48 
coupling, 283 

of fixed resistors varies, 82 
of tuned circuits at resonance, 225 
of w ire depends on size, etc*., 47 
Resistors, 73 

bleeder, 305 306, 316, 331 
operation of, 323 
connected, in parallel, 86 88 
in series, 85 86 
fixed, 46 

how tolerance is marked, 82 
nonind active, 275, 525 
plate load, 387 

size of, for regeneration control, 250 
variable, 47 

Resonance, 206, 219 220, 229 
action in tuning circuit at, 224-225 
back voltages in circuit at, 220-226, 
256, 498 
cabinet, 296 
current at, 224 
tunc off, 220, 225-226 
Resonance indicator for frequency 
meter, 493 
Return, plate, 122 
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Rheostat, 47 
on circuit hoard, 94 
has resistance, 46 
used in few circuits, 70 
Ring, stretching, in microphone, 446 
Rockets, transistors and diodes in, 629 
Rotor plates in variable condenser, 1 79 

S 

Saturation of limiter, 622-623 
Scanning in facsimile process, 637 
Screen, of oscilloscope, 127, 131 
time line on, 136 
Screen grid, 358 
how used, 353 

supercontrol, or remote cutoff, 352 
Screen-grid type of tube, 351 352 
Seal, tip, 123 

of vacuum tube, 109 
Secondary coil of transformer, 173, 205 
high-, low-voltage, 308 
Secondary emission in pentode, 355, 
358 

Self-induction, 196 
Semiconductor, 632 
Sensitivity of microphones, 441 
Series, 73 

batteries connected in, 75 76 
Series circuit (see Circuit) 

Series connection, 73 
Series feed, for Hartley oscillator, 480- 
481, 533 

for push-pull power amplifier, 530 
Series-parallel connection, 76-77 
Shielding, 283 

on regenerative receiver, 251 252 
Shockley, Dr. William, 628 
Short, 181, 205 
Shunt, 73 

in meter, 66, 68 
Shunt connection, 73 
Side bands, 53 
Signals, 24-25, 33, 283 
in antenna, 385 

blanked out by metal buildings, 

631 

current from antenna called, 247 
generator, 349 
produce sound, 165 
telemetering, on power lines, 638 


Signals, from transmitter, 539 
zero, on detector curve, 398 
Silicon, 628 
Skipping, 34 
Soldering, 103 
flux for, 103 

hints on, for wiring set, 217 
iron, 103 
of wire joint, 101 
Solenoid, 122 
Sound, 293 

how produced in earphone, 231-232 
Sound cell in crystal microphone, 444 
Sound currents, 10, 12, 15 
Sound waves, 8, 9 

operate microphone, 442 443, 448- 
449 

travel short distances, 5, 546 
Speaker, dynamic, 298 

electrodynamic, 194, 288 298 
in intcrcominunicator sets, 463-464 
magnetic, 285, 298 
operation of, 290-291 
permanent -magnet type, 286-287 
used as microphone, 463 
in public-address units, 460 462 
Spider, 287 288 
Splicing of wires, 101-102 
Spring, hair, 65, 67 
in meter, 64-65 
spiral, 52 
Stability, 533 

of an oscillator, 474-475 
Stage, 270 

Static, due to sparking brushes, 32 33 
elimination of, in frequency-mod u 
lated receiver, 615 
Static electricity, 42-43, 48 
Stator plates of variable condenser, 179 
Steatite insulation, 611 
Stem, glass, 122 
Studio, 15 
Sunspots, 23, 34 

Superheterodyne principle, 404-405 
Superregeneration, 609-611 
Surge, electron, 148 

in antenna, 566-567 

antenna too long, 568-569 
antenna length doubled, 569-570 
in crystal set, 156 
in Hartley oscillator, 488 
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$urge, electron, in tuning, 210 
in wave-form picture, 140 
radio-frequency, in oscillator cir- 
cuit, 556 

Switch, antenna changeover, 56 4 
double-pole double-throw, 403 
talk-listen, 4(15 

T 

Tantalum used in tube elements, 513 
Technician, radio, 6, 15 
Telegraph code, 543 
Telegraphy, continuous- wave, 421 
Television, 633-637 
Terminals, 73 

Thorium used in tube filaments, 108, 
122 

Time, transit, 585 
Time line, 136 

Tinning, soldering iron, 90 100, 103 
Tool, aligning, 411 
Tracking, 392-393, 402 
Transformer, 170, 205 
audio, 147, 273 

in amplifying circuits, 269 
input, 378 

output, 285, 288-290, 292 293 
universal, 460 

used in frequency experiments, 

144 

closed core, 309 
efficiency of, 310 
intermediate-frequency, 405, 420 
iron-core, 178 

microphone, 141, 442, 443, 445 446 
modulation, 554 
output, 289-290, 292, 298 
couples to speaker, 388-389 
matches impedance, 292 293 
universal, 366, 389, 460 
power {see Power transformer) 
step-down, 122, 310- 311 
step-up, 310-311 

toy, used in amplitude experiment, 
176 

used for tuning, 215 
Transformer core, 205 
Transformer coupling, 283 
Transistor, 628-629 
diode-transistor set, 645-647 


Transistor, NPN type, 630, 640 
operation of, 639-642 
PNP type, 630, 640 
Transmitter, low-powered, 558-561 
Triode, 73, 123 

developed by l)e Forest, 107 
Triode detector, 163 
Tube, acorn, 585-586, (ill 
audion. of l)e Forest, 336 
ballast, in filament circuit, 327 
base, 112 

I octal, 339 340 
miniature tube, 338 339 
numbering base pins, 337 338 
octal, 338 

for \ejy high frequency circuits, 
337 

beam power, 356 357, 513 
cathode-ray, 1 27 
duodiode-triode, 419 
heater-cathode type, 334 336 
gassy, due to excess heat, 517 
klystron, 589, 629 
lighthouse, 589 
magnetron, 589, 629 
pentode, 353 355 

in a radio-frequency power amplifier, 
513 

vacuum, 74 

Tube elements, supports for, 106 109 
Tube numbers, 110 111 
Tube sockets, 103 
Tube symbols, 112 
Tungsten, 38, 108, 123 
Tuning, circuit, 206 
parallel-rod type, 590 
process of, 169, 205, 218-220, 229 
sharpness of, depends on coupling, 
228 

Turns-pcr-volt ratio, 311 

Tweeter on high-fidelity speaker, 616 

IT 

Uranium, development of, 628 
isotopes of, 640 

V 

Valence, 633 

Valve, three-element, 16S-107 
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Valve, vacuum, 106 
Vernier control on tuning dial, 135, 
425 

Vibrator, 328 
synchronous and reed, 328 
Vibrator-type power supply, 328-331 
Volt, unit of electrical pressure, 43 
Voltage, back, 191-192, 204 

forces electrons on condenser, 

259 

how it occurs in coil, 191 192 
how it occurs in condenser, 201- 
202 

keeps current flowing, 194 
maximum, at resonance, 222-223 
in radio-frequency choke, 487 
reactance or, 200 
in tank circuit, 487 491, 498- 499 
in tuning condenser, 222-223 
control, 237 

effect of, on free electrons, 41, 09 
effective, 314 
electrical pressure, 48, 09 
in filament circuit, 70-72 
formula for, 131 
how generated, 173 
induced, in tuning circuit, 222 
peak, of a condenser, 314 
shifts electrons, 39 40 
working, of condenser, 314 
Voltage difference, 41, 09 
Voltage divider, 305 
Voltage drop, 09 

across discriminator load resistor, 
024-025 

across resistor, 88 
Voltmeter, 70-72, 123 
Volume, 9 

Volume-control circuits, 400- 402 
Volume-control resistor, 40 

used to show voltage-divider prin- 
ciple, 323-324 


W 

Walkie-talkie, 441 
wartime development of, 028 
Watt, 49, 402 
Wave, 0, 11, 15, 17, 33 
acts like light beam, 585 580 
can be reflected, 580 
carrier, 12, 14 

strength of, controlled by modula- 
tion, 551 

electromagnetic, 30-32 
heat, 10, 30, 33 

low, high, ultrahigh frequency, 10 
sine, 138, 148 

component of direct current, 145 - 
146 

of current through lamp, 190 198 
shows rectification, 303-304 
sky, 18, 24, 25, 34 
standing, check for, 589 

checks transmission-line efficiency, 
589 

starts electron flow in antenna, 151- 
Wave bands, 29, 33 
Wave energy sent out by antenna, 502 
Wa\ e-form pictures, 125, 148 
of steady direet current, 127 128 
Wavelength, 26-29 
and frequency, 34 
Wavcmeter, absorption, 520 527 
(See also Frequency meter) 
Winding, spaced, 428-429 
Wire, advance resistance, 45 

shielded, in audio-grid circuits, 465 
Wires, Lecher, 611 
used to measure wavelength, 594 - 
596 

Woofer in high-fidelity speaker, 010 
X 


X ray, 10, 34 






